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PREPACK 


The  Seventh  Joint  Meeting  of  the  U.S.  -  Japan  Panel  on  Wind  and  Seismic  Effects  was 
held  in  TokyOf  Japan  on  May  20-23,  1375.     This  panel  ia  one  of  Uie  twenty  pamels  in  the  U.S. 
Japan  Oooperatlve  Program  in  Hatural  Resources  (UJNR) .    The  UJNR  was  established  in  1964  by 
tbe  VmB.  ~  Japan  Cibinati^leiviel  Oonndttaa  on  nrade  and  Beoncnia  Affairs.    Vhe  puxpose  of  tiie 
OJMR  is  to  exdiange  soi«iti£ic  and  tedhnological  infoznation  wtiich  will  be  nutually  bene- 
ficial to  the  econoad.cs  and  welfare  of  both  countries.    Accordingly,  the  purpose  of  the 
annual  joint  neeting  of  this  panel  is  to  exchange  technical  infomation  on  the  latest  re- 
search and  developannt  activities  within  govemnental  agencies  of  both  countries  in  the  area 
of  wind  and  seiaadc  effects. 

Tbe  proceedings  include  the  program,  the  fcxmal  xesolutions,  and  the  technical  papers 
presented  at  the  Joint  Heating.    The  papers  were  presented  in  the  respective  language  of 
eacAi  country,    ihe  texts  of  tiie  papers,  all  of  wfaich  were  prepared  in  English,  have  been 
edited.    The  illustratioos  were  reproduced  from  the  working  documents  used  at  the  Joint 
Neeting.     The  formal  resolutions  were  drafted  at  the  closing  session  of  the  Joint  Meeting 
and  adopted  unanimously  by  the  panels  of  both  countries. 

Pages  of  the  technical  papers  are  niunbered  with  a  prefix  corresponding  to  the  Theme 
number.    The  texts  are  consecutively  numbered  in  each  theme. 


H.  S.  Lew,  Secretary 


U.S.  Panel  on  Wind  and 


Selamia  Effects 
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SI  Convsrslon  Onita 

In  vifiw  of  presant  accepted  practice  in  this  technological  area,  U.S.  customary  units 
of  measurements  have  been  used  throughout  this  report.    It  should  be  noted  that  the  U.S.  is 

a  signatory  to  the  General  Conferenre  on  Weights  and  Measures  which  gave  official  status  to 
the  metric  SI  system  o£  units  in  1960.    Conversion  factors  for  units  in  this  report  are: 


LMigth 


Force 


Pressure 
Stress 


Energy 

Torque 

or 
Bending 
Moment 


Customary  Unit 

inch  (la) 
foot  (ft) 

pound  <]1)<) 
kilogram  (kgf) 

pound  per  square 
inch  (pal) 
Kip  per  aquare 
inch  (Icai) 

inch-pound  (in-lbf) 
foot-pound  (ft-lbf) 

pound- inch 

pound- foot  (Ibf-ft) 


International 
(SI) ,  UNIT 

natar  (n)^ 
natar  (m) 

m 

W 

2 

nawton/flwter 

2 

nawton/natar 

joule  {J} 
joule  (J) 

newton-meter  (N-m) 

newton-meter  (N-n) 


Conversion 
^g^mclBate 

1  il^.0254B^ 
1  ftH).3048i|O 

1  lhf^.448N 
1  kgf-9.807N 


1  pai>60»Sl|/n 

1  )eai«589teloV^^ 

1  in- ibf =0.1130  J 
1  ft-lbf=1.3558  J 

1  lbf-in=0.1130  N-m 
1  lbf-£ts"1.3558  N-m 


oar 


pound  (Ibf) 


kilogram  (kg) 


1  lb-0.4536  kg 


Itait  Wairttt 
Valoeitv 

Acceleration 


pound  pax  ciAic  foot 
(pef) 

foot  par  aeeond 
(ft/aee) 

foot  par  second  per 
_2» 


(ft/i 


') 


kilogram  par  cubic 
matar  (kg/a^) 

meter  per  aeeond 
(Ve) 

meter  per  second  per 
2 

aeooxui  Cm/s  ) 


3 


1  pc^ie.OlS  kg/m' 


1  f^o-0.3048  m/9 


1  ft/«ae^-0.3048  m/s^ 


*Meter  may  be  eubdivided.  a  centimeter  (cm)  ia  1/100  m  and  a  millimeter  (am)  ia  1/1000  m. 
Exaot 
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AB8TIUICT 


Am  saventh  Joint  Hsecing  of  the  U.S.  -  Japan  Panel  on  wind  and  selanie  Effects  was 
held  in  TokyOf  Jepan  on  tttqr  20*23,  1975.    The  poroceedlnga  of  the  Joint  Meeting  include  the 
ptegraai,  the  foraal  ra»oltttians#  and  the  tedhnlcal  papers.   The  svfcject  Matter  covered  in 
the  papere  iseludee  diaxactaxisties  of  strong  windi  re^onse  of  full-scale  Btrttctnres  to 
wind  actioni  geologioBl  dletxlbutlon  of  selsnlc  activity)  maintenance  of  etxong  motion 
aoeeleEogxiq^s  and  data  pvooeeslngf  strong  earthquake  notions  and  ground  failures  i  response 
of  hjfdxnullc  and  building  structures  to  selsnlc  forces;  aselsalo  conslderatlonB  for  veeeelsi 
recent  revisions  of  design  stcuidards  on  wind  cind  seismic  effects;  joint  research  progxan 
utilizing  large  scale  testing  facilitiest  and  technological  assistance  to  developing 
countries . 

Key  Words:  Accelerograph;  bridges;  buildinqgj  codes;  disaster;  dynamic  analysis;  earth- 
quakes; ground  failures;  hydraulic  structures;  seisKiicity ;  soils;  standards; 
Storage  tanks;  structural  response;  winds. 
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Riehard  d.  NoCennall 

111 15  A.M.  Ductile  Shear  Walls  in  Earthquake-Resistant  Multistory  Buildings 
muOt  Fintal 

11:40  A.M.  Discussion 
12:00  P.M.  Lunch 

li30  P.N.    Surveillance  of  Corps  of  EagiaMn  StKuetnrM  in  BartitguelBa-psaaa  Area 

Keith  O.  O'Doiuiell 

1(55  P.M.    School  and  Hospital  Oonstriiotioii  in  California 
John  P.  tteehanr  praaented  by  B.O.  Pfrang 

2:20  P.M.    Isqproved  Earthquake  Resistive  Design  and  Constructioa  of  Single  Family 
Rs«idantlil  DMlUng 
O.  MMZt  Puller 

2i4S  P.M.  OLsouaalon 

3i05  P.N.  IlioasB 
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THEME  VII:    Recent  Revisions  of  Design  Standards 
on  Nind  «nd  Seismic  Ef f eets 

3:20  P.M.    A  Bevieir  on  Specifications  of  Earthquake  Resistant  Design  for  flishway 
Bridges  -  197X 

3:45  P.N.    Specifications  for  Earthquske  Resistant  Design  of  the  Honshu-Shikoku 

Bridge  (JSCE-19741 

Ishio  Kawasaki  and  Etichi  Kuribayashi 
4tl0  P.M.  Discusaian 

4:30  P.M.    Recent  Kovxsion  Of  Design  Standards  on  Seisoiic  Effect  for  Port  and  Earboor 

Structures 

Sagoshi  Bayashir  Hajine  Tsuchida  and  Setsuo  Noda 

4:55  P.H.    JSCE  Specifications  for  Earthquake  Resistant  Design  of  Submerged  Tunnels 
(1975) 

Eiichi  Xnribayashi  and  Hajima  Tsuchida 
5:20  P.M.  Discussion 
taoSGOKit  -  Nay  22 

TUEHB  I:    Characteristics  of  Strong  Wind 

9t00  K.H.    Present  status  of  Wind  Characteristics  in  Japan 

Kiyohide  Tdkeuchi 

9t25  A.N.    A  Reexamination  of  Hurricane  Camille 
Arnold  R.  Hull 

9:50  A.M.  Discussion 

10:10  A.M.  Recess 

10:25  A.M.  Fire-Tornadoes  and  its  Maximum  Hind  Speed 
S.  Soma  and  K.  Suda 

10:50  A.M.  High  Wind  s-udy  in  the  Philippines 
Noel  Raufaste 

THEME  lit    Response  of  Full  Scale  Structures 

To  Wind  Action 

11 sis  A.M.  Hind  Engineering  Research  Program  Supported  by  the  National  Science  Founda- 
tion 

Michael  P.  Gaus;  presented  by  E.o.  Pfrang 
11:40  A.N.  Discussion 

12:00  P.M.  Lunch 

1:30  P.M.    A  Research  Project  on  the  Wind  Flow  Around  Tall  Buildings 
Tatsuo  Nurota  and  xyoshi  Nakano 

1:55  P.M.    Study  of  the  Wind  Pressure  and  the  Response  of  Flat  Roof  Corners 
Tatsuo  Nurato 

2:20  P.M.     Luling  Louisiana  Cable-stayed  Bridge  Wind  Tunnel  Secti<»i  Model  Tests 

Richard  H.  Gade;  preseritod  by  J.  Cooper 
Walter  Podoling,  Jr.  cmd  Harold  R.  Busch 
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2t45  P.M.  Olacusalon 
3(05  P.M.  RBMSS 

3:20  P.M.    On  the  Wind  Response  of  the  Kanmon  Bridge 
V.  Okuibo,  H.  Hixlta  and  X.  Yokciyann 

3i45  P.M.   NaMportf  itioda  zalmd  aaaj/noBLan  Brldgsj  HurxloaiM  "Doela"  wind  ^aetra 
Ricdtard  B.  <Sadai  pcvattntad  fay  J.  Goopar 

4:10  P.M.  Dlacusalon 

THBKB  VTIt    A  Seismic  Considerations  for  Vessels 

4(30  P.M.    OynamLo  Tests  o£  Struoturas  fox  Oil  Tanks  and  liuolaar  Powar  Plants 
Sailohl  Inafaa 

4i55  P.M.    Sheet  Pile  Foundation  and  its  Structural  Characteristic  against 
Horizontal  Loads 

Kanji  KaMakaml,  Tadyoshi  Okubo,  iteiiolii  Koaada  and  Miehio  Okahara 
Si20  P.M.  Dl««iiaaioB 
wsaoKt  -  Maar  23 

THEME  IX:    Joint  Research  Program  utilizing  Uurge 
fleale  Tasting  Pacllltias 

9(00  A.M.    Joint  Research  Program  Utilizing  the  Large  Scale  Testing  Faoilitiaa 

(Free  Discussion) 

Nakota  watabe,  Masaya  Hlrosawa  and  Sbinsuke  Nakata 

9(25  A.M.    Disaster  Mitigation:    A  Joint  Approach 

Charles  T.  Thiel;  presented  by  E.G.  Pfrang 

THBMB  Xt   T«chnological  Aaaistanoe  to  Davaloping  Countrias 

9(50  A.M.     Survey  on  Seismology  and  Earthqu£Oce  Engineering  in  Indlar  iK^an  and  TUfkay 
Makoto  Wateibe«  Hideo  Tokuhiro  and  Masekazu  Sbinozuka 

10(15  A.M.  fUaeuaslon 

10(35  A.M.  Raoaaa 

10(55  A.M.  Bxplanation  of  Oita  Barthquaka 

12:00  P.M.  Lunch 

1(30  P.N.  Praa  Oiaeuaaion 
2(00  P.M.  CLoaiasr  Sasaion 
3(28  P.M.    Lv.  Ibkyo 
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RESOLUTIONS  OF  SEVENTH  JOINT  MEETING 
U.S.-OIPJW  9»NBL  OH  NUID  MID  SBISHXC  BFntCTS 

May  20  -  23,  1975 

The  following  resolutions  for  future  U.S.'-Japvi  aiCtivitiAS  Of  the  Joint  Panel  on  Hind 
and  S«isfflic  E£ facts  axe  hereby  proposed! 

1.  Tha  S«v«nth  Joint  Maatlng  of  O.S.-Jiqpan  Paml  on  Wind  and  Saiaaie     facta,  U.J.N.R. 
Pzograa,  wta  axtranaly  froltful  to  both  countries.   Ooosiderlng  the  importance  of 
the  technical  information  exchanged  between  the  two  delegations f  it  is  considered 
essential  that  the  joint  program  be  continued 

2.  Due  to  the  continuous  nature  of  the  research  programs  reported,  it  is  recommended 
that  dissemination  of  technical  reports  and  state-of-art  reports  be  encouraged  on 
a  continual  basis  during  the  coming  year 

3.  In  accordance  with  the  resolutions  of  the  Sixth  Joint  Panel  Meeting,  the  proceed- 
ings of  the  Joint  Meeting  should  be  published  for  the  benefit  of  other 
aoiaotlf  io  repvaeeotativaB  in  aaoh  oountzy  aa  aoon  aa  poaaihla 

4.  Ef forte  dunild  be  made  to  exchange,  on  a  tinely  beeiSf  liet  of  slgnifiosnt  atrong- 
■otian  earthipiaka  and  high  ^ead  wind  recorded  data.    Gleerly  defined  good  quality 
digitisable  record  oopiee  ere  needed  end  a  procedure  for  exchanging  records  ehould 
ba  aatablifdiad.    naeoxda  Should  alae  Include  the  duuracteristies  of  instrunents 
needed  for  ell  proceeeing  and  analytical  prooedoree 

5.  AttsflBpte  ehoQld  he  nade  to  aolicit  papers  fron  other  official  govanunental  officaa 
and  privsate  teohnieal  organisatione  involvad  in  wind  end  eeiemio  reaearch.  Papere 
written  by  non-panel  BNflMra  awy  be  synopeiaed  in  atata-of-art  reporta 

6.  ProiBOte  the  exdhange  of  technological  inforaiatian,  eoncazning  strong  winda  and 
eartfaqoakeSr  with  developing  countries 

7.  Cooperative  research  programs  including  exchange  of  personnel  and  equipment 
should  be  undertaken  by  both  govemneats  to  addresa  the  following  problena  of 
■utual  interest: 

a)  Strong-motion  instrumentation  arrays,  at  selected  sites  throughout  the 

world , 

b)  I^arge-scaie  testing  programs, 

e)  Itepair  and  zotzoflt  of  oxiating  atmotxires,  ie;  Imildingaf  bridgaa,  daaiB,  eta 

d)  Structural  perfoxnanoe  evaluation* 

e)  Land  use  prograns  for  controlling  natural  haaard  affecta/ 

f)  Diaaster  prevantion  aathoda  for  lifaline  ayataaia. 

8.  It  la  auggeated  that  all  future  papere  incorporate  the  SI  Hetric  ^etem  for  unite 
of  naaaurenent,  ocntained  within  parentheeia 

9*    Future  xeporte  Should  ooneider  an  overview  of  oodee  and  problaaa  of  ixpleowntation 
asMciated  with  "nonstructural*  and  "operational*  req^irensnts  and  suibeeqoently 
ehould  be  exoheaged 
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10.  More  expoaure  and  exdianga  of  Izmovmtiva  teeluilquies  for  iaprovad  Miaaic  design 
■pactr«  is  «ansia«r«d  highly  Important 

11.  the  date  and  location  for  the  9th  Joint  Panel  Meeting  on  Mind  and  Seiaaio  Bffecta 
Kill  be  Sjpriaig  1976  in  Haehitigtonr  D.C.  r  U.S.A.    The  epecific  date*  inapeetiam 
aitea  «md  field  trips  will  be  determined  by  the  U.S.  Panel  with  approval  by  the 
Japaneae  Panel. 


A  fonial  eavTMBion  of  aipr^eiation  is  hereby  presented  by  the  U.S.  Panel  mnbers  to 

the  Japanese  delegation  for  the  excellent  arrangements ,  technical  exchange  and  Magnifieent 
hospitality  received  at  this  Seventh  Joint  Panel  Meeting  in  Tokyo  #  May  1975. 
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PRESENT  STATUS  OF  WIND  CHARACTERISTICS  IN  JAPAN 


by 

Kiyohide  Takeuchi 
Applied  Meteorology  Laboratory 
Mteoirologioal  ResMrdi  Institute 


The  present  status  of  a  study  on  the  wind  charatteristics  in  Japan  is  given  lierein. 
Observational  studies  constructed  from  a  tower  and  an  array  of  towers  are  described  in 
additioa  to  reaults  obtained  from  tethered  balloonB. 

Hie  fAieervatione  obtelneici  frcn  towore  in  Ttakughiaa  Pre£.  and  analysis  of  the  data« 
whidi  were  made  by  Shiotanl  (1972  and  1974} »  are  detailed  and  uniqiie.   Also  other  observa- 
tions from  towers  located  at  Tarana  Island*  Okinaura  Pref .  are  being  conducted  bjr  Mitsuta 
(1974) .   Detailed  analysis  of  these  observations  are  also  presented. 

Finally  soaa  mdsl  ■o^eriBants  on  the  local  wind,  using  a  tunnel,  are  also  presented. 


Wordat   Field  MeasureMnCs;  Models  Tomrs;  Wind;  Vind  Observation;  Wind  Tunnel. 
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TtM  behavior  of  wind  has  boan  nadvr  cgnstvtt  attidy  in  Japan#  and  is  oos  of  tbs  Most 
fundu»ntal  subjects  in  Bstsorology.    Netaoxological  disasters  in  Japan  are  caused  aainly 
ba  the  wind  and  rain,  as  induced  by  typhoons^  cyclones  and  monsoons. 

Tall  buildings  and  structures  as  well  as  long  suspension  bridges  have  recently  been 
oonstrt^cted  in  Japan.    Accordingly  detailed  infomation  of  the  wind  characteristics  is 
required  for  their  proper  design  and  for  maintenance  after  construction. 

Howeveri  air  pollution  caused  by  various  industries  and  cars  has  become  a  serious  pro- 
blem in  Japan.     Since  the  wind  in  the  atmospheric  boondar-y  layer  plays  an  essential  role 
in  ttie  Qispersion  of  Y>-?lvitar!tB ,  a  study  o£  the  wind#  especially  the  local  wind  in  the  indus- 
trial sxnd  urban  ajrcaa  is  tiuitu  urgent. 

Since  the  interaction  between  the  air  and  the  earth  surface  is  an  essential  problem 
in  oMteorology,  a  study  on  the  tfind  fluctuation  near  tiie  surfaea  has  been  intensively 
conduetsd. 

The  tiharacteristics  of  the  wind  has  been  investigated  in  Japan  through  observations  con- 
ducted on  field  tONer«  and  tlirough  wind  taimsl  expsrlmnts  In  tiie  literatory. 

Observations  made  in  the  field  were  conducted  on  single  towers  and  tower  arrays  in 
order  to  obtain  oiore  detailed  infomation  on  the  tine  end  space  diaraeteristles  of  the 
wind,    in  addition  to  using  tethered  balloons,  pilot  balloons,  low  altitude  radioscndaSf 
low  altitude  eawin  sondes  and  aircraft  were  often  used  for  observing  the  local  wind. 

Tho  present  status  of  the  stu^  on  wind  diaracteristics  is  desoribad  in  detail  herein. 

Observation  trow  a  Single  Tower 

Observation  froa  a  Tower  near  the  Mouth  of  idver  UakA 

In  order  to  obtain  data  required  for  the  deaign  of  a  long  suspenaion  bridge,  since  1964 
Shiotani  (1975)  baa  studied  wind  characteristics  froa  a  tower  located  near  the  nouth  of 
River  Make,  Tokushioia  Pref .    Ihis  neteorologleaX  tower,  iSOn  in  height,  is  located 
approKisiately  150m  away  from  the  bea^  (see  Pig.  1} .   The  base  of  the  tower  is  on  a  low 
sand  dune  covered  with  pine  trees,  a  few  metere  in  height,  but  in  north  north^iiest  diicectioiv 
a  marsh  extends  a  distance  of  400m.    The  land  surrounding  the  tower,  i^ieh  is  1  km  frooi 
the  coast,  is  under  cultivation  withinteCMitcanc  farm  houses,  trees  and  aaall  hills. 

ihis  meteorological  tower  is  a  guyed  mast  made  of  steel  pipe.    The  Jkerovane-type  anemo- 
meters were  installed  3  m  apart  fromthe center  of  the  tower  at  15.8,  30.8  ,  50.8  ,  80.8,  110.8 
and  150.8  m  above  the  ground.     The  mean  wind  speed  was  continuously  recorded  during  a 
minute  period,  at  each  anemoinetpr level .     Instantaneous  wind  speeds  and  wind  directions  ware 
measured  at  any  three  levels  witi>  tien-writinq  recorders  when  the  wind  speed  becaraa  high. 
In  addition,  measurement  of  the  vertical  direction  of  the  wind  was  made  with  two  bidirec- 
tional vanes.     Temperature  differences  between  ISO  and  30  m,  and  80  and  30  m  were  measured 
with  bead-thermiator  thermometers. 

The  wind  behavior  during  a  15  min  interval  were  recorded  every  2.5  S  when  wind  i^eds 
were  under  25  q/s,  and  every  2.0  s  whm  wind  speed  were  over  25  «(/s.    Txom  theae  data  mean 
wind  speed  tl,  turbulent  velocity       (i.e.,  r.n.s.  of  the  longitudinal  wind  f luBtuatioa) , 
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auto  correlation,  power  speetrvun  S(n)    (n:     frequency),  and  other  statistical  quantities 
were  obtained.     Analyses  of  these  data  197    recordings  indicated  that  the  range  of  wind 
speeds  was  between  20  and  30  m/s ,  and  only  13  data  had  wind  speeds  higher  than  V.)  m/g. 

Since  the  characteristics  of  the  high  wind  are  determined  mainly  by  the  surface 
roughness f  the  wind  data  has»  therefore,  divided  into  three  groins.    The  first  group  had  a 
wind  dlxaetlon  1  (B-BS)  -  «h*  wind  from  Htm  «aa  after  passing  150-300  n  ovar  tha  land. 
Ill*  Mcond/  Dtraetion  2  (SaB-HSMr)  had  tfaa  wind  passing  norm  than  2  km  ovar  tha  dalta  of 
Kivar  Mca,  whitdx  la  aodified  fron  the  aaa  wind.    Iha  third  group «  Mxaction  3  <HNI^•HNW) 
haa  a  wind  parallal  to  the  coaatal  line  (see  Fig.  1) .   The  results  from  these  classifica- 
tions are  as  fblloirai 

(a)  Veloci^  Fluetoation  and  Hielr  Magnitudes 

The  f veqpiency  distribution  of  the  fluctuating  wind  velocities  can  be  eiqpressed 
approKiaataly  by  Gaussian  distribution,    ihe  Intensity  of  turbulence  (o^/O)  of  the 
wind  in  Direction  2  is  higher  than  that  fron  the  other  two  direotlona,  and  it  is 
reoo9iised  that  the  turbulent  intensity  lAcxsaees  with  increasing  roughness. 

The  intensity  of  turbulence  of  the  wind  at  30.8  m  is  MUCfa  higher  than  that  at 
the  other  heights.    This  means  that  the  rough  ground  coverage,  in  the  close  proxi- 
mity to  the  tower,  greatly  disturbs    the  wind  in  the  lowest  region.    The  turbulent 
intensities  of  the  wind  in  the  range  between  50.8  n  and  150.8  m  are  nearly  the 
same  in  Directions  1  and  3,  and  they  dccrcaso  with  increasing  heights.  However, 
they  are  approximately  constant  with  those  heights  in  Direction  2.     In  order  to 
examine  the  vertical  distribution  of  wind  turbulent  velocities,  their  ratios  to 

those  recorded  at  80.8  m, i.e.     a  /J  (80),  were  studied.     These  results  indicate 

u  u 

that  they  are  nearly  constant  with  height  in  Direction  2,  while  they  decrease  with 
power  exponenta  -0.10  and  -0.16  in  Directions  1  and  3,  respectively. 

(b)  Power  aipeotruii 

Ihe  relationship  between  Uie  logarithnlc  spectrum  nS(n)  and  the  logaritiiw  of  the 

wavv  nunber  log(n/tl) ,  was  enaminad.    It  was  noted  that  of  the  261  recordings,  139 

recordings  had  single  peak  speotrun  nS(n) .    These  single-peak  apeetra  were  then 

used  for  further  analyses.    The  shapes  of  the  spectra  are  quite  varied^  therefwe# 

the  idiole  qpactra  cannot  be  represented  by  a  single  curve. 

the  wave  nuslber  (n/V).  oorreqponding  to  tha  waiciwni  value  of  nS  (n) ,  is  generally 

n 

independent  of  the  %rind  apeed  and  wind  direction.    Therefore/  the  height  distribu- 
tion of  (n/tr)^  averaged  at  each  height,  was  found  that  the  wave  nindber  of  the 

spectrum  peak  decreases  slightly  with  increasing  height. 

Examination  of  the  similarity  thssory,  however,  suggests  that  nS(n)   can  be  expressed 
by  the  factor  nz/u,  therefore,  examination  of  collected  data  results  in  the  follow- 
ing empirical  formula; 

(nz/U)    -  0.0018  z**"®^ 
n 
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This  indicated  that  the  spectrum  peak  shifts  slightly  to  a  low-frequency  with  an 

Increase  in  height,   for  a  height  rar.gc  between  50.8  n  and  150.8  m.     However,  the 

accuracy  of  the  formula  xs  not  SO  restrictive  such  that  (n/U)     can  be  considered 

constant  with  height. 

The  friction  velocity       can  be  estimated  from  the  hiqh- frequency  part  of  the 

spectrum.     The  nvean  value  of  o  /u.  can  then  be  evaluated,  giving  2.4  for  the  case 

u  " 

of  Direction  2.    However,       can  also  be  estimated  fron  the  logarithmic  law  of  the 
mean  wind  speed,  Whidi  glvea  a  value  for  the  same  direction r  equal  to  2.1. 
(c)  oorrelatlon  Coefficient  Between  Two  Hel9hts 

Jin  mxaaplB  of  the  correlation  coefficient  RCs^'Z^/T)  with  time  lag  T  between 
the  two  heights  s^  and      {z2>Zj)  »  Is  shown  in  Fig.  2.    It  should  be  noted  that 
the  waxiimm  correlation  does  not  occur  whan  T  ■  0«  but  occurs  the  wind  record 

of  the  upper  layer  is  delayed.    This  means  that  the  phase  of  the  wind  gusts  ad- 
vances %rtien  in  the  upper  air  layer.    Row,  using  Taylor  *s  hypothesis «  the  space 
correlation  Is  as  shown  in  Pig.  3.    Examination  of  'Oils  Figurs  shows  that  ths 
scale  of  the  turbulence  becomes  largez;,.and  the  i4iase  advances  during  an  Increase 
in  air  liqfer  height. 

The  vertical  correlation  coefficient  n{z^,z^)  appears  to  be  independent  of  the 
wind  direction  and  wind  speed.    Therefore,  the  correlation  coefficient  will  depend 
not  only  on  ths  heiqht  dlfffirence   (z.^-z^)  ,  but  on  the  actual  y-.eiqhts        and  z^^. 
Examination  of  ttie  correlation  coefficients  between  two  points  which  have  the 
same  height  differences  indicates  that  the  largest  value  in  the  case  where  the 
two  points  are  in  the  highest  air  layer,  which  means  the  ycale  of  turbulence  In- 
creases upward.     The  correlation  coefficient  is  einpirically  formulated  as  follows: 

The  coherence  function  y{z^,z^,n)  betweoa  the  two  heights      and  s^^  can  now  be 
calculated.    The  odherenoe  is  found  empirically  and  Is  e:qtressed  as: 

lylzyz^,n)]^^^  -  ejcp[-kn(S2  - 

Because  the  correlation  coefficient  between  the  two  heights  depends  on  the  height 
differencer  ^  should  be  a  function  of  two  heights.  Also,  it  has  been  formed  that 
k  increase  as  the  wind  speed  increasss  and  the  height  of  the  air  layer  daoreases. 

Cteervation_at  the  WHK  Kawaguehi  Tower 

Many  observations  of  the  atmohpheric  boundary  layer  have  been  made  by  using  broad- 
casting towers  in  or  near  the  city.    For  exanple.  Soma  (1964)  has  analyzed  the  data  ob- 
tained at  the  Tokyo  Tower  and  has  studied  the  turbulent  structure  of  high  %find  over  the 
urban  area. 
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since  air  pollution  has  recently  bccoine  a  seriou.s  problem  in  the  urban  area,  various 
meteorological  observations  have  often  been  nadc .    The  following  will  describe  such  obser- 
vations taken  at  the  NHK  Broadcasting  tower  near  Tokyo. 

In  1971  and  19  72,  Vokoyama  and  his  colladsorators  installed  sonic  anemometer- thermome- 
ters, to  measure  the  wind  fluctuations  which  are  closely  associated  with  diffusion  of 
pollutants  (s««  Mitsutar  1966  for  th«  sonic  ancnoMtar'thariiiaiiiatar) .    Vtm  hal^t«  of  tha 
■nmuMtara  usad  were  lOf  45f  90#  180  and  313  n,  respectively.    The  tower  la  located  in 
a  stiburban  resid«itial  area  %dMure  tha  9Z<»ind  is  rather  flat.    Measured  eignols  were 
recorded  by  Img-tine  nagnetic  tape  recorders  and  tite  pley-back  aignals  were  proeeaeed 
toy  an  analogue-digital  convertar  and  a  conputer.    Various  statistical  quantitiee«  such  as 
tu]±ul«int  velocity  and  aoMantun  flux*  were  thm  analyzed.   Itie  analyses  of  these  quantities < 
indicate  the  following^ 

(a)  Magnitude  of  Vertical  Fluctuation 

for  a  constant  flux  layer  (i.e. «  layer  vip  to  about  50  m  above  the  ground)  it  is  well 

known  that  the  nagnitude  of  vertical  fluctuation      is  related  to  the  friction  velocity 

U^  as  follOMBf 

*w  ■  *"**w'"'^* 

The  term  4-    is  a  universal  function  of  the  stability  a/L  (L:     Honin-Obukhov  stability 
length)  and  h  is  constant.     In  the  constant  flux  layer,   the  friction  velocity  u^  is 
obtained  from  the  vertical  distribution  of  the  mean  wind  speed  and  also  from  the  co- 
varianoe  of  wind  fluctuation.    In  a  layer  higher  than  the  constant  flux  layer,  the  equa- 
tion Mntioned  above  does  apply.    However »  when  the  local  friction  velocity  obtained 

 1/2 

froai  the  oovarianee  (i.e.f  u^  ■  ^u*  w'"^  )  is  usedr  the  equation  applies  in  the  higher 
layer.    The  relation  between  cr^/u^  and  the  stability  z/L  Is  then  studied  and  is 
determined  as  a  function  of  the  stability. 
<b)  Stability  and  Relation  between      and  U 

In  nai^  eases  at  hei^t  of  45  m,  the  magnitude  of  vertical  fluctuation  is  propor- 
tional to  the  mean  velocity  u.  At  a  heictfit  of  313     however «  it  aeema  that  there 
exists  a  linear  relation  only  over  the  certain  value  which  might  be  determined  by 
the  stabililgr  m  shown  in  Pig.  4. 

Obeervations  at  the  Tower  in  dtinawa  and  Iwo-Jiwa 

Kinase  et  al.  (1972)  have  made  wind  observations  by  using  the  OHK  TV-«rawer  in  Okinawa 
{165  m  high  above  the  ground)  and  Loran  Tower  in  Iwo-Jina  (410m high).  Aerovane-type 
anemometers  were  installed  at  6  levels  at  the  OHX  TV-Tower  and  at  6  levels  at  the  Loran 
Tower.    Since  tiiere  existed  strong  electromagnetic  fields,  epceial  attantion  was  given  in 
the  installation  of  the  anemometers  at  both  towers. 

(a)  Vertical  Distribution  of  Mean  Wind  Speed 

The  data  obtained  at  the  Loran  Tower  during  Typhoon  No.  7017  shows  that  the  power 

index  is  approximately  equail  to  0.12  although  the  wind  was  not  very  strong.  Similar 
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power  Index  values  were  obtained  from  the  other  winds.    The  wind  profile  at  OHK  TV- Tower 
is  not  represented  by  a  single  straight  line  in  a  logarithmic  chart  and  during  certain 
runs,  the  power  index  Is  0.47  in  the  ujppsr  part  of  the  profile  and  0.22  in  the  lower  region. 

(b)  Intt^nsity  of  Turh\ilence 

Exatriples  ot  the  intensity  of  the  turbulence  '-^/'-J  obtained  at  the  OHK  TV-Tower  and 
the  Tower  Loraji  are  shown  in  Fig.  5.     The  turbulence  intensity  decreases  with  increasing 
height  and  also  mean  wind  speed  at  the  OHK  TV-Tower  but  the  data  shows  a  different 
tendency  at  the  lioran  Tower. 

(c)  Gust  Feetor 

The  Gust  factor  tt  /tl  (tt  t    naxlnum  wind  speed)  obtained  at  both  towers  is  deleted 
m  n 

in  Fig.  6.    Itie  factor  varies  between  1.2  and  1,6,  and  aeeas  to  decrease  witb  increae- 
ing  heigbt  and  mean  wind  epeed. 

Obaervation  at  an  Array  of  Towers 

Observation  at  Tarana  Island,  Okinawa 

In  order  to  obtain  data  on  high  winds,  which  are  required  for  the  economic  design  of 
towers  for  large  power  transmission  lines,  a  number  of  observing  poles  were  installed  at 
Tarama  Island  in  Okinawa  (Mitsuta,  1974).    The  island  is  elliptic  (about  4  km  x  5  km) ,  and 
has  a  flat  surface  as  shown  in  Fig.  7.    Most  of  the  island,  ground  is  level  and  is  around 
10  m  high  above  m.a.l.    Okinawa,  as  is  well  known,  is  often  subjected  to  typhoons,  which  is 
why  Tarana  Island  has  ba«n  chosen  as  an  observation  site. 

The  observation  site  as  shown  in  Fig.  7«  is  near  the  southwestern  coast.  Vie  observe* 
ti«i  facility  consists  of  an  array  of  27  observing  poles,  installed  with  39  anenoneters  and 
an  instniBientation  booae.  she  eonflguratien  of  the  array  ia  shown  in  Fig.  8.  n#enty-five 
poles  are  distributed  with  equal  separation  of  30  n  on  a  strai^t  line  of  720  m  in  length. 
The  height  of  the  poles  are  1&  in  except  one  which  is  50  ■  in  height  and  is  located  in  the 
center  of  the  array.  Two  15  n  poles  are  placed  90  m  away  frosi  the  ottkter  in  the  direction 
perpendicular  to  the  base  line  three-cup  anenoaatars  and  Aerovanetype  anenameters  are  at- 
tached to  the  poles  as  shewn  in  PL^  8.  The  system  is  started  when  the  monitoring  anemometer 
output  exceeds  a  preset  wind  speed.    The  wind  Observation  was  initiated  in  the  nlddle  of 

1972  and  has  continued  since  that  time. 

(a)  Correlation  Coefficient 

The  wind,  whose  direction  is  perpendicular  to  the  base  line,  is  selected  and  read 
out  every  1.5  s  for  12  min.     Examples  of  auto  and  cross  correlation  coefficient  for 
the  same  run  are  shoMn  in  Figs.  9  and  10,  in  which  the  wind  cosies  from  an  inland 
direction.    The  dots  in  Fig.  10  show  the  correlations  of  all  possible  coaiiinatlons  fron 
the  observing  points  t  and  the  solid  lines  show  the  average  valuaa.    The  average  integral 
scale  of  the  turbulenoi,  in  tin  longitudinal  direction,  is  about '120  m  and  in  the 
lateral  direotion  is  about  20  m. 

(b)  Goat  Factor 

The  Oast  factor,  as  a  function  of  both  gust  duration  and  its  lateral  scale  at  the 
height  of  15  in  was  obtained  fron  the  data.    Figs.  11  and  12  show  an  exaaiple  of  the  two 
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dimensional  gust  factors  for  the  same  ran.     Variatioris  of  spaw  avera  ipd  gust  factorSr 
with  an  averaging  time,  are  shown  In  Fig.  11  and  show  the  power  law  approximation. 
Fiq.  12  shows  the  time  averaqed  gust  factors  as  a  function  of  average  time,  which  also 
shows  the  power  law  approximation. 

Observation  and  further  analysis  are  now  being  conducted,  and  more  detailed  results 
are  ei^ected  in  thm  near  future. 

Observation  at  Satoura,  Tokushiroa  Pref. 

Five  towers  were  placed  along  a  line  parallel  to  the  coastal  line,  which  runs  from  SSE 
to  NNE,  at  Sutoura  of  Naruto  City,  Tokushima  Pref.    (Shiotani,  iyfca) ,  for  the  same  purpose 
as  described  in  Section  Zmlm    lAie  towers  were  located  at  12,  35,  80  and  190  m  from  the  south 
•nd*    They  are  40  n  in  hftight  and  were  installed  with  terovane-type  aneMBstara.   iha  obser- 
vations were  initiated  in  1966 »  with  readings  taken  every  1  s  for  10-13  Bin. 

(a)  Correlation  Coefficient  and  Scale 

The  cross  correlation  coefficient  of  Hb  longitudinal  wind  at  the  points  separated 

fay  ri  in  the  lateral  direction,  le  denoted  as  r    (Pr  t) r  where  T  is  tine  lag.    The  data 

shown  as  open  circles  in  Fig.  13,  is  the  paraneters  R    (n) #  which  is  defined  as 

U11 

R    (n«  0) .    m  the  lateral  direction  the  Integral  scale  of  the  turbulence  is  about  SO  m 
representing  the  wind  from  the  sea,  and  is  about  65  n  for  the  wind  from  the  land.  The 
integral  scale  is  sooieMliat  larger  for  the  wind  from  the  land  than  fro*  the  sea,  at  a 
height  of  40  n. 

The  auto  correlation  coefficient,  R    (£)  where  £  is  the  downwind  distance  in  the 

uu 

longitudinal  direction,  can  be  estinated  from  the  auto  correlation  coefficient  by  use 
of  Taylor's  hyisothcsia .     The  results  are  R    (E)  =  R     i~)  where  ^  =  UT,  whore  the  para- 
meters  H     {i,)   is  shown  in  Fig.  13.     The  longitudinal  scale  of  the  turbvilence  can  then 


be  esstimated  using  this  data.     The  scale  thus  obtained  using  a  constant  height  is  204 
m  for  the  wind  from  the  sea  and  154  m  for  the  wind  from  the  land.    The  turbulence  be- 
coines  greater  for  the  wind  from  the  sea,  which  is  opposite  to  the  result  in  the  lateral 
direction.    The  scale  of  the  turbulence  in  the  longitudinal  direction  is  3  to  4  tines 
as  large  as  that  in  the  lateral  direction, 
(b)  Space  Correlation  Coefficient 

Using  Taylor's  l^pothesis,  the  stpatial  pattern  of  the  space  correlation  coefficient 
R^^(C»  n)  can  be  estinated.    An  exavple  of  the  pattern  is  shewn  In  Fig.  14. 

Field  Observation  by  Other  Methods 

In  connection  with  air  pollution,  aa  mentioned  pxeviouely,  eMtenalve  obeervatione  have 
been  nade  in  Industrial  and  urban  areas.  In  addition  to  naklng  observations  using  towers, 
other  techniques  have  been  eiployed. 

One  auch^sMthod  utilises  a  special  radiosonde  atts^ed  to  a  tethered  balloon  and  can 
neasure  tui±ulant  winds  (Yoikayana,  1969) .    A  low  altitude  radiosonde  has  recently  been 
develpped  for  observing  the  wind,  ten^perature  and  pressure  in  the  layer  up  to  2000  n. 
These  Instruments  and  the  low  altitude  radiosonde  are  often  used  for  (^serving  the  wind 
over  the  urban  area  (Takeuchi,  1975} .    Data  thus  obtained  are  of  great  uae  in  classifying 
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local  wind. 

Additional  papers  concerning  the  turbulent  wind  over  the  urban  axea  have  been  published, 
by  Nakano  et  al.,  1974  and  Hanafusa  et  al.,  1974. 

mud  Tunnel  Experiment 

In  order  to  clarify  the  characteristics  of  local  windt  many  tests  have  been,  conducted 
in  a  wind  tunnel,  but  few  papers  have  been  published. 

Kamei  et  al.    (1974)  conducted  wind  tunnels  experiments  in  order  to  study  local  wind 
induced  by  tall  buildings,  and  also  recommended  sone  practical  methods  to  estimate  the  high 
wind  region. 

Suda  et  al.  (1974),  presented  a  paper  on  model  experiments  concerned  with  the  study  of 
local  winds  induced  by  a  small  island.    Ihls  study  vi3X  bm  a  graat  help  in  the  dMl^i  of 
long  qpaa  suspension  bridges. 

In  order  to  sinulats  the  ataosptierlc  boundary  layer  In  the  laboratozy*  Sato  et  al.  (1974) 
developed  a  velocU^distribution  generator  by  intxodnclng  a  variable  resistance  in  the  wind 
tmmsl*   This  device  consista  of  a  aeries  of  sliding  plates  i  and  aSiould  be  of  great  use  in 
studying  the  local  wind  In  detail. 

Concludincj  Renarks 

A  survey  of  recsnt  work  on  the  characteristics  and  stnieturs  of  the  wind  in  Ji^an  is 
glvm  relativa  to  the  author's  Interesto.    ThnSf  other  inportant  studies  sre  not  included 
herein.    This  survey  indicated  that  further  research  studies  on  the  atruoture  of  turbulent 
wind*  should  be  conducted. 

Data  should  be  aeetmulated  fay  various  nethods  (e.g.,  tower,  tethered  balloon  and  any 
radiosonds)  at  different  looations  i.e.  urban  aseas  and  coastal  araaa.  Ihm  atruetura  of 
local  wind  should  also  faa  clarified  in  relation  to  the  synoptic  meteorology  and  tciiograEhy. 
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Flg.1   Topography  around  the  meteorological  toner  hy  the  nouth  of 
IHwrNtka  (sMotan1,1975) 
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Fig. 2  Cross  correlation  coefficients  between  tMO  heights 
(ShtoUn1,1975) 


Fig. 3    Isopleth  of  correlation  coefficients  in  a  vertical 
plane  parallel  to  nean  wind  velocity  (Sh1otan1,1975) 
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FI9.4  stability  depend«iic;y  of  relation  batweaii  9^  and  U  (yoki)Qpaim.1972) 
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Fig.5  Intensity  of  turbulence:  (a)  OkinaMa,(b)  IMO-Jlaa 
(Kinase  et  a1..1972) 
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Fig.6  Gust  factor:  (a)  Oklnawa.(b)  Iwo-JIsia  (Kinase  et  a1..1972) 
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Fig. 7  Topography  of  Taram  Island,  A:  observation  site 
(Mitsuta.1974} 


F1g.8  Arrangenmt  of  observing  poles  and  ananomters 
(Mttsuta,1974) 
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F1g.9   Auto-correlat1on  coefffcient  of  wfnd  velocity  whostt  dlractlon 
is  perpendicular  to  the  base  line  (M1tsuta,1974) 
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rig.10  Same  «s  F1g.9  but  space  corralatlon  coefffcient 
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Fig. 11  Space  averaged  gust  factors  as  a  function  of 
averaging  time  (H1tSttto,1974) 
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Fig. 12   Time  averaged  gust  factors  as  a  function  of 
averaging  distance  In  lateral  direction 
(N1tsuta,1974) 
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F1g.l3  Averaged  cross-correlation  coefficients  as  a 
function  of  lateral  distance  (open  circle)  and 
averaaed  auto-correlation  coefficients  as  a 
function  of  downwind  distance  (Shiotani .1969) 
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Fl9>1<  Spatial  pattern  of  correlation  coefficients  (Shiotani, 19(9) 
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A  RBBnimmriaN  or  horrxcaw  cmxub 
by 

Arnold  R.  Hull 
Environmental  Data  servictt 
national  Oceanic  and  Atmospheric  Adminlstraticm 
U.S.  Department  of  Commerce 

ABSTRACT 

NMly  avallablA  oeeanogra^ic  and  Mtaorologleal  data  on  major  atoxa*  and  hnrrieanas 
stxiking  tte  Culf  of  Haxioo  daring  a  Sl-noaUi  p«riod  pcovidad  by  ai^ht  patrolaian  f  izns  pra- 

sent  an  opportunity  to  reexamine  and  reevaluate  Hurricana  Ogonille,  one  of  the  ooat  Bavate 
and  destructive  stoxna  ever  to  strike  the  ""''  f.     (Maximum  wave  helghta  of  72  feet  were 
recorded  as  the  eye  of  the  hurricane  passed  within  15  miles  of  one  measurement  station.) 
The  new  data  on  Camille  comprise  one  of  the  TOSt  comprehensive  sets  of  oceanographic  and 
meteorogolical  information  available  for  such  an  extreme  weather  event  and  should  prove 
invaluable  in  basic  research  and  offshore  engineering  applications.     With  increasing 
availaai lity  of  this  type  o£  information  likely  as  the  Nation  develops  its  offshore  energy 
resources,  quaationa  ariae  aa  to  what  prooedurea  should  be  followed  to  access,  disseminate, 
and  uaa  tfaaae  data  moat  af  Caotivaly  and  what  contributions  this  tn^oirtant  nev  data  aoorca 
aay  aaka  to  currant  knowladga  of  axtraaa  atcKii  avanta  and  thair  affaota  on  an^inawring 
Btcucturet.   ISm  data  available  for  Cinllle  are  axanlned  to  provide  tratativa  answers  to 
these  questions. 

Key  Ifordss   Hurrleaaa;  Storm  Surge;  Ttoplcal  Storms;  Hind;  Wind  Data;  Wind  Spaed. 


1-18 


iBtrodactloil 

Tbm  Shsll  Oil  Ganpafly  of  Houston,  Taxaa,  acting  on  hahalf  of  aight  p«trol«iai  flxnSr 
zacantly  donatad  ocaanogr«cihlc  and  Mtaorological  d«t«  on  najiM:  atocw  and  hurrieanaa 
atriklng  tbm  Gulf  of  Maxioo  fron  Octobar  1966  to  »ovaaib«r  1971  to  the  Bnvironnantal  Data 
Servlctt  of  the  U.S.  Dapuctaeiit  of  Comezoe's  National  Oceanic  and  Atnospherlc  Mndnistra- 
tlon.    These  data  include  infOHHttion  on  Hurricane  Camille*  one  of  the  most  intense  cmd 
dMtructlve  tropical  stonns  ever  to  hit  the  United  States  mainland.    Camille  killed  256 
people  and  caused  property  damage  of  about  $1.42  billion  along  the  Hissisaippi/Louisiana 
Gulf  Coast  and  in  Virginia  (flooding).  12]* 

The  data  were  collected  at  a  cost  exceeding  one  laillion  dollars  in  a  cooperative 
effort  called  the  Oceanographic  Data  Gathering  Progran. 

Data  on  wave  heighti  wind  speed  and  direction,  and  barcmctric  pressure  were  recorded 
at  six  offshore  drilling  and  production  platforms  spaced  along  260  miles  of  the  Louisiana 
coastline.    These  six  locations  ex*  shown  in  figure  1. 

wind  and  Wave  Instrumentation 

The  wind  and  wave  sensors  used  were  Baylor  Model  9737  Wave  Measuring  Systems  (rugged 
construction,  non-fouling,  with  a  long  record  of  reliable  perfornance)   and  Bendix  Model 
120  Aerovanes,  which  measure  wind  speed  through  the  rotation  o£  a  propeller  which  drives 

»  DC  generetor.   Hia  mwe-ttaasuring  inatrunanta  give  a  oontinuoua  analog  output,  tritii  a 
ZMolatloD  of  0.1%  of  full-acale  aeouraoy  and  a  linearity  of  1.0%  of  full  scale.    The  wind 
speed  threshold  is  3         with  «n  «ceure<gr  of  ±  3/4  sph  from  3  to  45  ifih»  and  ±  3  ecb 
45  to  300  icih.    The  direction  smiaors  are  aervo-tranaBitters  driving  aervo-reoeivers 
which  rotate  potentiooKters.   The  overall  accuracy  of  wind  direction  is  ^  S*«  with  a  10* 
deadband  at  north.  [4} 

pata  oollectad 

nie  total  data  oolleotion  conprises  252  analog  magnetic  tapes.    Additionally »  170 
strip  charts  of  varying  qinallty  and  usefulness  were  recovered.   Mien  estiotated  by  sensor » 
data  were  gathered  for  waves  approximately  70%  of  the  timet  for  wind  speed  61%  of  tiie  timet 
and  for  wind  direction  55%  of  the  time.    In  general «  the  quali^  of  the  data  recorded  on  the 
magnetic  tapes  is  good.    The  accural  of  the  data  gatiiered  fay  each  sensor  must  be  ocnsi- 
dared  individually »  but  tiie  accuracy  for  all  data  is  generally  wittkin  ^  5%  of  the  value. 

Data  grevioualy  Available  on  Camille 

In  severe  storm  situations  it  is  difficult  to  obtain  reliable  wind  speed  Beaeurementa, 
and  Hurricane  Camille  wae  no  exception.    Of  data  previously  available  r  appreitiaiately  miat 
wind  speed  observation  records  could  be  considered  reasonably  relitkble.   TWO  of  the  noat 
useful  in  establishing  ttie  general  level  of  the  wind  were  the  observations  taken  at 
Kaesler  Air  Force  Base  and  a  record  fren  Traneworld  Drilling  Coopeiiy's  Rig  50. 

• 

Figures  in  brackets  refer  to  the  references  listed  at  the  end  of  this  report. 
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A  ZQpvoductlra  of  tbm  Ttaraworld  zeoord  [1]  is  qLvm  In  figim  2.    It  ahom  a  nwrlmia 
wind  «paad  of  172  wgh  at  tin  100  ft.  lov«l.    Wmh  »»due«d  to  tito  30-ft.  lov*!  using  tlw 
1/7  pomr  iMTf  th«  zoBultlng  p«ak  gust  Is  144  m^. 

Bull«r  wavo  dsts  fxon  the  ston  azsa  ar«  limitad  to  a  total  of  14  abflervatlona  from 
ships  closs  snootfi  to  CaaLlls  to  reoord  winds  of  35  knots  or  more.  [5] 

The  most  complete  Infomatlon  previously  available  on  Hurricane  Camille  concerns  atoXB 
surge  and  is  based  on  charts  pr<!pared  by  the  U.S.  Geological  Survey  (figure  3). 

Htmt  Caallle  Data 

CamtUe  was  mprnmutA  by  a  tzopieal  wave  that  anved  off  the  African  coast  on  August  5* 
1969.   It  was  trsidced  aoxoas  the  Atlantic  to  the  western  tip  of  CuIml  by  the  evening  of 
August  15 r  entered  th«>  Gulf  of  Mexico  with  a  central  pressure  of  908  nilllbarSf  and  early  on 
August  17  was  located  250  miles  south  of  Mobile,  Alabama. 

Camllle's  storm  track  (figure  1)  was  such  that  the  storm  passed  between  Stations  1  and 
2  of  the  Ocean  Data  Gathering  Program,  with  the  center  passing  about  14  miles  west-southwest 
of  Station  1  at  1730  GDI'  on  August  17,  1969,  and  about  48  miles  oast-northeast  of  Station 
2  at  1645  CDT  on  August  17.   [3]     station  1  gathered  complete  wave  data  until  1600  CDT  on 
August  17,  when  the  wave  sensor  broke  loose  subsea,  twisted,  and  shorted  out  agaixtst  the 
platfom.  Itixid  data  oontlnued  to  be  gatheved  until  1620  CDi  August  17  wlien  salt  watex 
shorted  out  the  power  system.    Subseqpient  to  the  loss  of  power  to  the  statlaoy  the  Bendlx 
Aerovane  cane  «part  leaving  only  the  center  section  assesbly  attadied  to  the  tower. 

Aventy  foot  waves  were  first  recorded  at  Station  1  at  about  0500  GDI  August  17  f  1969* 
■arking  ths  beginning  of  the  storm  at  that  station.    Dus  to  power  failure*  which  occurred 
at  1620  CDT  August  17,  1969 «  ths  end  of  the  stoxia  at  Station  1  oould  not  be  deteminad. 
Significant  wave  and  wind  eharaeterieties  dariii9  the  peribd  fvon  1330  to  3230  cm  on 
August  17  at  platforas  1  and  2  aflpear  in  Table  1. 

Wave  data  have  been  analyzed  for  one-half  hour  intervals  during  periods  of  the  stonK# 
and  the  wave  spectrum  for  Station  1  for  the  period  1545  to  1615  CDT  August  17,  1969,  appears 
as  figure  4.     At  that  time,  Camillo  was  located  about  24  miles  south- southwest  of  tha 
station,  and  station  weather  conditions  are  thought  to  have  been  very  close  to  their 
mcucimum  values.     The  significant  wave  height  was  calculated  from  each  wave  spectra  and 
figure  S  showis  the  significant  wave  heights  versus  time  for  stations  1  through  i.  The 
naxinRm  wave  height  recorded  during  the  sane  interval  (1545  to  1615  CDT)  was  72  ft. 

Significance  of  tlie  New  Data 

Using  the  extreme  value  distributions  of  wind  speed  and  significant  wave  heights  for 
extratropical  tstortns  available  from  Ocean  Station  Vessel  data,  H.C.S.  Thorn  [6]  developed 
a  technique  to  derive  an  extreme  wave  height  distribution  in  any  extratropical  area  of  the 
deep  oceans.   With  new  data  such  as  that  for  Hurricane  Canille,  where  the  relationship  of 
wave  scale  to  wind  scale  can  be  detendned,  a  slidlar  tediniqne  night  be  develciped  for 
txoplfsal  areas.    And  maA  data  are  likely  to  beoone  increasingly  available  as  the  United 
States  and  oUier  nations  aiqpand  their  offshore  energy  evloratian  and  drilling  activities. 
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teoognlslng  tlw  tnvortance  of  wind*  w«ve«  and  stomi  surge  tnfoziMtlon  to  stroetural 
dMlgn  along  coaatal  areas  and  to  offahoce  faoilltles  subh  as  nuelear  powexplents*  drilling 
rigs*  end  sqpertanlcer  tecwinalSf  it  is  imperative  that  inewdiate  attention  be  given  to 
assessing  v^cifio  requlxensnts  for  such  InfoEnatlon  in  our  ooastal  soae  areas.    Hie  in- 
oreaeing  nvater  of  of f ahora  platf oms  tliat  will  eoon  be  erected  in  ooastal  water*  offers 
tts  tb»  oiBPortunity  to  develop  onsite  observation  netMorks  eapible  of  obtaining  the  ofttianni 
vind  and  wave  inforwition  needed  to  give  us  a  better  understanding  of  the  internal  struc- 
ture of  hurricanes  and  tropical  storms.   Such  onsits  data  collection  will  provide  at  least 

sonlpemanent  sources  of  detailed  "point"  observations,  as  opposed  to  current  random  ship 
observations  svamnzurized  over  one  degree  acpiares  (or  even  larger  areaa}  because  of  the  lack 

of  fixed  observation  platforms. 

Such  long-term  "point"  records  are  critical  to  the  development  of  accurate  detailed 
environmental  data  statistics  needed  for  the  design,  construction,  and  operation  of  both 
offshore  and  onshore  facilities  in  the  coastal  area. 
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Figure  2.    Thla  wind  chart  froa  TranewoTld  Drilling  Conpany's  Rig  50 
was  sGt  on  doiiMe  scalp,  and  the  recorder  was  left  running 
after  the  crew  evacuated. 
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Figure  3.     These  are  the  results  of  the  storm  surge  generated  by  Hurricane 
Camille  on  the  Gulf  Coast  from  the  Pearl  River  to  Bayou  La  Batre; 
based  on  charts  prepared  by  Che  U.S.  Geological  Survey. 
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WAVE  POWER  SPECTRAL  DENSITY-LINEAR 

Data  Tape  115 

Location       SP  62  A 

Time  1545-1615  CDT  August  17.  1969 


CYCLES  PER  SECOND-HEBTZ 


Area  under  curve,                =  116.82  ft. ^ 

R.M.S.  wavehel^t,       Vm©  =  10.8  ft. 

81giiincuitWftV«lMlglit»  4VSi^  •  43.8  ft. 

Period  of  Max.  Energy          ■  13.2  sec. 
Figure  4 
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SIGNIFICANT  WAVE  HEIGHT  VS.  TIME 


Station  No.  1  — — 
SUUonNo.  2  — — 
Btitloii  No.  5   


 1  1  1  1  1 

0213  0GI5  1015  1415  1615  2215 

Time  <CDT)  August  17,  196ft 
Ptgure  S 


1-27 


FIRE  VORNAOO  AMD  ITS  HAXIMni  NIHD-SFSED 


by 
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and 
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Director 
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Very  few  studies  have  been  conducted  on  fire  tornadotjis,  owing  to  its  rare  occurrence. 
However,  in  Japan,  much  public  attention  has  been  directed  to  this  phenomenon  in  view  of  the 
fact  that  catastrophic  damage  has  been  caused  by  two  fire  tornadoes.    One  such  tornado 
davftloipAd  during  tbs  Great  xanto  Earthquake  in  1923  and  anothar  at  wakayaaa         ia  1945. 
i!h«  cawm  o£  such  eatastrophlc  danage,  dm  to  theM  fire  tomadOM  ia  two-fold.   Om  ia  tfaa 
foznatlon  of  •  tamadot  in  burning  of  the  urban  orea^  and  the  other  is  the  peculiar  feature 
that  the  tornado  is  acooaipanled  by  strong  winds. 

In  the  present  report,  the  diaraoterlatles  of  the  fire  tmtiadoes,  whloh  have  been 
experienced  in  Japan  are  reported  and  the  estimated  aaadaiUBi  wind  speed  in  the  tornadoes  are 
given. 


Key  Horde t   Fires;  Fire  Tornados j  Tornados;  Tornado  Model;  Hind  Speed. 
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Introduction 

Only  a  veri'  few  studies  have  been  made  on  the  fire  tornadoes  because  of  the  rarity  of 
the  phenon»enon  and  accordingly,  raai-.y  problems  related  to  it  are  left  unsolved.     However,  in 
Japan,  much  public  attention  hiuj  been  directed  to  this  phenomenon  in  view  of  the  catastro- 
phic events  that  occurred  during  the  Great  Kanto  Earthquake  in  192  3,  which  killed  38,000 
people.    The  formation  of  this  fire  tornado  was  then  attributed  to  the  passage  of  a  cold 
front  mad  this  viair  has  baan  mintalncd  for  about  fifty  yoars  wittiout  any  raaxamlnatlon  by 
aciantiatB.    Howavvr,  a  aurvay  of  atudlaa  nada  In  varioua  coantriaa  and  tfaa  datailad  analy- 
sis of  waather  data  at  tha  tine  of  the  foxMtion  of  the  tomado,  revealad  that  the  fire 
tornado  was  due  nainly  to  the  conflagration  caused  by  the  earthquake. 

In  Jeskan,  tMo  well  known  fire  tocnadoes  have  caused  aany  casualties t   one  is  related  to 
the  Great  Kanto  Earthquake  in  1923  and  tfaa  other  to  the  great  fire  of  Wakayama  in  1945. 
ihe  causes  of  the  catastrophic  danage  aret  (1)  fonaation  of  tlie  tomiado  in  tiia  bomlng  of 
tha  urban  area  and  (2)  peculiar  feature  of  tha  tomate  acconipanied  by  axtranaly  atrong  wind. 
In  the  present  report  the  foxintion  and  characteristics  of  the  above  two  tornadoes  #  in 
Jqpan,  are  deaorihed. 

1.    Process  Loadir.g  to  the  Formation  of  Fire  Tornado  in  Tokyo. 

(1)  The  Old  Site  for  the  Clotr.inq  Depot  just  before  the  Formation  of  the  Fire  Tornado 


wide  along  the  River  Sumif^a,  which  had  once  been  the  site  for  the  Clothing  Depot  of  the 
Imperial  Army  and  then  transferred  to  the  Tokyo  City  for  construction  of  a  park.  This 
vacant  area  popularly  called  "The  Old  Site  for  the  Clothing  Depot"   (to  be  abbreviated 
OSCD)  was  located  in  downtown  Tokyo  which  was  crowded  with  wooden  houses.  Following 
the  great  shock  of  Septeslber  1,  1923 »  fire  spread  all  over  this  area  and  rafugaaa 
f ron  the  fire  advanced  toward  the  vacant  ground  of  the  OSCD  voluntarily  or  led  by 
polioenen.    As  a  i:eault«  a  little  after  3  p.n.  on  Sept.  1,  tha  ground  waa  caowdad 
with  more  than  40«000  refugees.    People  there,  free  from  fear,  were  eating  food  or 
naking  a  bed  for  the  night  and  nobody  ej^ected  tite  fomtation  of  a  fire  tornado. 

(ii)  l^read  of  Fire  Around  the  OSCD. 

Bxamlnation  of  the  spread  of  the  fire,  on  the  basis  of  a  nap  of  the  burnt  area 
prepared  by  Prof.  S.  Nakanara  of  Tokyo  Oniversi^,  reveals  that  about  3i30  to  4t00  pjn. 
on  Sept.  1,  1923/  whan  tha  fira  tornado  focned,  the  entire  Tbkyo  City  had  not  been  on 
fire*    Around  the  OSCD  alonq  the  River  Sumlda,  however,  a  vast  urban  area  of  3,000 
netera  long  in  Korth-South  and  1,600  roeters  wide  in  East-WBst  had  already  been  on 
fire  except  the  OSCD.     In  other  words,  the  OSC::  was  thpn  etjrroundea  by  a  burning  area 
several  times  larger  than  itself  and  was  crowded  with  40  thousand  refugees. 

(iii)  Strike  of  the  Fire  Tornado 

A  refugee  who  barely  survived  the  disaster  of  OSCD  and  witnessed  the  strike  of 
fire  torneuio  reports  the  following:    The  tornado  attacked  OSCD  with  a  deafening  roar 
and  scattered  fire-flakes  on  the  heads  of  tha  refugees.    Clothes  and  houstfiold  goods, 
brought  by  the  refugees  caught  fire  at  once  and  tha  fira,  fanned  by  atrong  wind, 
spread  all  over  tiie  OSCD.    Vhe  tornado  ragad  for  only  about  20  ninutaa  but  it  took 


In  the  City  of  Tokyo,   in  1923,  there  was  a  vacant  area  of  70,000  square  meters 
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38,000  livM  in  a  quid:  aowiat. 
Gbaracteristie  fieatuzw  of  tha  Pir«  TonmOo 
(1)  abas*  of  thtt  FlM  itaitBAdD 

Buttd  on  old  litsratuxSr  a  BtudjT       maAa  on  tha  ahap*  of  tb*  08CD  fir*  toxnado 
in  ozdar  to  aaa  whatAiax  it  waa  lika  tha  f mmal  of  «  natnir*!  toznado  hanging  aown  txam 
tha  nothar  olond. 

There  vrexa  at  least  two  thousand  people  who  barely  survived  the  rage  of  tha 
strong  wind  and  flane  in  OSCD,    TSieg  Diust  have  had  a  chance  to  witness  the  fire  toxna* 
do  by  their  own  eyes.    Furthermore,  there  must  be  many  people  who  could  see  the 
tornado  from  the  opposite  bank  of  River  Sumida,  even  if  they  were  frightened  by  the 
earthquake.    As  the  river  is  only  150  meters  wide,  it  inw.t  well  be  possible  to  observe 
the  tornado  across  the  river.    But,  only  very  few  of  the  old  literature  includes  a 
description  of  the  shape  of  fire  tornado,  as  quoted  below. 

"Mwut  3:30  p.m.  1  saw  the  smoke  gathering  and  towering  high  up  in  the  sky" — 
witaaaa  of  Mr.  K.  Konde.    *Jihout  3  (30  p>a.  «  strong  crack  was  heard  fron  the  northern 
diractlon.   With  the  intanaifioation  of  tha  sound,  sosia  attzibutsd  it  to  approaohing 
tsunasil  while  others  to  ignition  of  explosives  but  nothing  definite  was  known.  Then 
Z  saw  deep  blade  snake  flowing  in  a  whirl  as  big  as  a  hill  presenting  a  horrible 
aight."->witness  of  Mr.  K.  Xnwandse  who  observed  tha  fire  tornado  fron  tte  Bkoln  ground 
loeated  700  b  to  tiie  south  of  06CD. 

Vheso  witnesses  any  parhi^s  suggest  the  pressnoe  of  a  whirling  fire  tornado  but 
nothing  definite  is  knoim  dbout  its  shape. 
<U)  Hind  Speed  Associated  Mitii  the  Fire  Vomado 

The  order  of  magnitude  of  the  wind  speed,  associated  with  the  fire  tornado,  ie 
a  matter  of  meteorological  interest  but  ananonetric  observation  is  never  possible  in 
view  of  the  condition  of  the  tornado  formation.     In  the  case  of  the  OSCD  fire  tornado, 
some  refugees  testified  that  persons  and  carts  wfrp  pirked  up  by  the  Strong  wind,  but 
it  is  difficult  to  estimate  the  wind  speed  from  the  testimony  alone.  Fortunately, 
photographic  plates  showing  the  wind  damage  on  trees  were  found  in  the  Report  of  the 
Great  Kanto  Earthquake  and  we  could  estimate  the  maximum  wind  speed  associated  with 
tha  fisa  tocuade.    Plate  1  (a) ,  which  is  reproduced  frcni  the  above  report,  shows  that 
the  trunk  of  a  tree,  about  30  em  in  dianeter,  was  broken  by  tbe  wind.   A  picture  of 
the  wind  danage  of  trees,  quite  slodlar  to  the  above*  was  taksn  during  the  tunado 
which'  forMd  In  July,  1971  in  tha  suburbs  of  CMiys  City,  pxefeotur*  (Plate  1 

<b)}.    AoooKding  to  K.  Watanaba  of  the  Mateorologloal  Mseareh  Institute  (1971),  the 
intensity  of  this  tornado  Is  estlmted  to  rank  aneng  Class  P3  of  Fujlta  Scale,  which 
ranges  fron  70.4  to  92. S  m/ate,   Considsrlng  the  slnllarlty  of  wind  daaage  of  trees 
in  both  oases  and  referring  to  tha  atatanents  of  witnessaa  quoted  above,  we  nay  s«|ppose 
that  the  fire  tornado  of  oecD  was  aoooMpaniad  by  strong  winds  of  the  nana  ocd«r  of 
nngnitude. 
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(lii)  Direction  of  tho  movement  of  tho  OSCD  firo  tornado 

Examining  the  reports  on  the  Great  Kanto  Earthquake,  we  found  that  unexpectedly 
Eiany  people  stated  the  direction  of  the  fire  tornado.     However,  inany  have  mistaken  the 
direction  of  the  wind,  for  the  direction  of  the  tornado  (notion.     Dr.  S.  Fujiwara  (1924) 
■•ida  •  co^antlva  study  of  tlwlr  Fciporta  and  estlnated  th«  track  of  the  tornado  wind 
•yatan  aa  follows  t 

"Judging  fron  the  above  ciccunstanoes*  the  fire  tonwdo  that  brought  about  the 
disaetex  In  OSCD  would  have  foxned  at  the  southern  border  oC  Xitabanbaieho*  passed  nearby 
tlnayabashl  Bridge*  noved  along  the  River  Sunlda  up  to  Hr.  Yasuda's  MUislon  In  Ybtoanlehak 
tnrnad  «aetMard«  verged  with  other  tornadoes  at  ishiharoho  and  then  noved  baofc  to 
OSCD  froB  tiie  nwtheast.**   Zf  we  trace  the  notion  of  the  tornado  based  on  Dr. 
FajlWhara*s  analysis »  the  tornado  seems  to  have  advanced  fron  northeast  to  southsast. 
Ho  natural  twnado  ever  cbservad  in  Japan  noved  in  such  a  direction.    Furthernarei  the 
direction  of  motion  of  the  OSCD  tornado  was  eocactly  opposite  to  the  direction  of  the 
prevailing  wind. 

(iv)  Clouds  In  tho  Case  of  the  Great  Earthquake 

In  the  old  data  log  of  the  Central  Meteorological  Observatory  in  Tokyo,  Cb 
cloud  of  3/10  in  amount,  is  recorded  for  4  p.m.  of  September  1.     It  is  almost  certain 
that  this  cloud  was  then  overhead  of  the  OSCD.     The  statement  in  the  Report  of  Great 
Kanto  Earthquake  "As  it  began  to  rain,  we  made  preparation  to  protect  us  from  it  with 
sliding  doors  and  straw  mats."  supports  this  fact.     The  cloud,  which  is  recorded  in  the 
data  I09  of  the  Observatory  simply  as  Cb,  seems  to  have  been  unusual  enough  in  shape 
to  attraet  piAllc  attention  and  is  nantio»ed  in  ■any  statonHits  in  the  Report  of  the 
Barttaquake.    Fron  these »  Frof .  T.  Terada'e  statenent  deleting  the  cloud  condition  is 
quoted  below: 

"About  3(30  p.B.  on  S^ptenber   1,  l  stood  in  the  verandah  of  ny  house  at 
Xomgcne-AktiionoehOf  looking  at  a  renarkable  cunulus  eload  towering  uP  in  the  akf  in 
the  southeast.    Surface  appearance  of  the  cloud  wee  diaraoteristieally  different  fron 
the  averager  i.e.,  protuberances  on  the  surface  were  fine  and  well-defined  reninding 
ne  of  tiam  texture  of  the  volcanic  snoke  photographed  during  the  recent  eruption  of 
Mt.  Sakurajina.    The  towering  of  the  cisnilua  oloud  in  the  blue  alQr  presented  an  un- 
precedented spectacle." 

Ulis  cumulus  cloud  may  be  identified  with  the  cloud  that  covered  the  OSCD  since  it 
was  observed  by  Prof.  Terada  from  Kcnaqcmc  Akebonocho  in  the  southeastern  direction. 

A  picture  of  cumulonimbus  taken  by  Mitso  Harada  was  found  m  thu  Report  of  the 
Earthquake   (Plate  2) .     It  is  not  clear  whether  this  was  the  cloud  covering  OSCD,  but 
its  unusual  shape  is  exactly  the  same  as  depicted  by  Prof.  Terada.    Although  the 
formation  of  the  cloud  may  partly  be  due  to  the  favorable  synoptic  condition  such  as 
the  presence  vi  sid^tcopioal  air  naaa  and  front,  its  direct  cause  will  nore  properly  be 


attributed  to  the  energy  of  instability  created  in  the  stratification  of  the  atnosphnra 
by  the  extensive  fire. 
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3.  Bxuplsa  of  Fin  Tomadotts 

lA  tiiA  history  of  di*a«ti«rs  in  fonign  eoimtri**  violent  fir«  toniodo««#  tliat  1iav« 
buxnt  to  daatli  tens  of  thouaand  paopla  fiava  baon  raoordad.   Bowavac,  attaller  ones  hava  baan 
cacordadr  and  fmmed  in  oldan  tinaa  •«  wall  as  in  tmomnt  yaaxs.    Ona  audh  ncaaf^la  of  a 

foreign  fire  tornado  is  given  herein; 

In  June,  1961,  a  French  cloud  physicist  J.  Dessens  conducted  an  experiment  by  making 
artificial  cumulus  clouds  on  the  plateau  of  the  Pyrenees.     Ho  placed  fourty-eight  kerosene 
burners  in  an  area  of  125  x  125  km  wide  and  make  lit  all  of  therr,  at  once.     Then,  q^aite  un- 
esq^ectedly,  a  fire  tornado  formed  in  the  lee  of  the  experiment  area  and  developed  tcj  a  size 
of  10  meters  in  diameter  and  200  meters  in  height  in  a  distemce  of  525  meters  leeward  frcai 
the  origin  of  the  fire  (Plate  3- (a)).    Careful  observations  revealed  that,  following  the 
first  tornado,  a  nui3iber  of  others  formed  in  succession. 

In  May,  1965,  in  the  port  of  Muroran,  a  Norwegian  mamooth  tanker  (56,000  t)  cracked  in 
«  idiarf «    h  latga  hole  iias         aada  on  th«  side  of  the  ship  and  patrolaum  gusliod  out  and 
caught  flxa.    In  this  casa  too»  m  remazfcabla  fire  tornado  fomad  in  the  laa  of  the  largo 
fira.  (PUta  4) 

On  tha  oeoasion  of  the  Itahkal  Earthquake  (magnitude  8.1)  in  Deeanber,  1946 r  a  large 
fi«a  tooko  out  in  Shingu  Ci^*  Nakayaiw  Pzefecture*  and  burnt  down  2 #612  houses «  destroying 
2S«  of  tiia  entire  urban  area.    On  this  ocoasionf  a  fixe  tornado  Is  reported  to  have  fomed 
In  the  rivax  beach*  In  which  cltisens  took  refuge.    This  tornado  tras  not  large*  but  was 
acrifyanled  by  a  stroog  wind  which  blew  up  a  mat  of  22  Kg  in  wei^t  into  the  sky. 

4.  Fixe  Tornado  In  the  Great  Fixe  of  tfakayama  City 

(1)  Formation  of  the  Fire  Tornado 

A  fire  tornado,  much  larger  than  thos*»  mentioned  above,  formed  in  association 
with  the  yrt->at  lire  of  Wakayana  City  in  July,  1945,  which  destroyed  6S%  of  the  urban 
area.  On  this  occasion,  a  violent  fire  tornado  formed  in  vacant  area  of  the  old  pre- 
f ectural  offices ,  and  burnt  to  death  748  people.  Although  number'  of  vict^Lma  was 
far  less  than  that  of  the  catastxophic  OSCD  tomado«  it  corresponda  to  more  than  60% 
of  the  total  loss  of  lives  dus  to  the  fire,  showing  the  violence  of  fire  tornado. 

Now#  several  statements  on  the  formation  of  the  tornado  in  Wakayama  are  quoted 
from  old  reports  .    "thirty  to  fourty  minutes  after  the  outbreak  of  the  great  fire, 
violent  fire  tornadoes  formsd  In  several  places  in  the  city.    The  largest  one  among 
tiMBi  originated  in  a  street  with  a  traaway  200m  away  to  the  soutli  of  the  old  city  office 
ground  and  moved  nortimard.    The  incandasoent  flane  of  the  fixe  tornado  streamed 
horiaotttally  as  if  it  were  blown  by  bellows.    Pine  trees  planted  along  the  moat  were 
torn  way.    An  autOllMbile  flew  over  the  bank  and  jumped  into  the  noatf  red  hot  sine 
aheets  and  big  logs  were  uplifted  to  a  height  of  20  -  30  meters." 

Aside  from  the  above,  another  fire  tornado  fomod  at  night  on  the  same  day  over 
a  spot,    1500  meters  away  from  the  old  pref ectural  office  ground,      "In  the  Naval  timber 
yard  there  was  hundreds  of  thousands  oi  feet  of  timber  stored.    This  timber  caught  fire 
and  were  uplifted  by  the  tornado  presenting  a  spectable  Of  oountless  burning  chopsticks 

'  flying  high  in  to  the  slv  to  a  great  astonishment  of  tha  refugees  around  Tsukljl  Bridge. 

I 
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"According  to  the  observations,  taken  by  waxayama  Weather  Station,  east-northeasterly 
winds  of  2.5  m/s  waa  blowing  :ust  before  the  outbreak  of  the  fire.     Examining  the 
weather  charts,  six  hours  prior  to  the  fire,  we  find  that  fine  weather  prevailed  all 
around  Makayama  City  without  any  indication  of  front  or  other  weather  systems,  that 
would  lead  to  the  fomiatlon  of  a  tornado, 
(ii)  Betlmation  of  NaxinuB  wind  speed 

It  is  not  easy  to  estiaiate  exactly  what  the  waxiwaw  wind  speed  waa  in  association 
with  the  fire  tornado  of  Wakayana  City.    However,  let  us  try  to  make  a  rough  estimate 
using  recent  studies  on  Tornadoes. 

To  begin  with,  the  estimation  of  the  damage  of  the  pine  trees  planted  along  the 
avenue#  wind  speed  of  about  40  m/s  wero  required  to  break  the  pine  trees.  However, 
from  tha  nqpresaion  that  "pine  trees—were  broken"  and  that  "big  logs  tiere  lifted  iv  to 
the  hei^t  of  20-30  meters",  the  wind  speed  would  probAbly  have  exceeded  50 

«/e. 

Next,  turning  to  the  wind  estimation  by  examining  the  damage  of  automobiles, 
we  refer  to  the  record  of  the  tornado  that  struck  Toyohashi  City,  Aichi  Prefecture  in 
December,  1969.  As  this  tornado  passed  right  across  damage,  not  on'.y  tn  t?.e;  buildings 
of  the  drive-in  and  its  annex  but  also  to  the  cars  parked  therein.     Some  of  the  cars 
were  reported  to  have  blown  a  distance  of  some  tens  of  meters.     Ishizaki  and  others 
(1970)  made  an  estimation  of  the  maxiinuiT,  wind  speed  accompanying  the  tornado  based  on 
the  damage  caused  on  buildings  and  concluded  that  the  speed  was  m  the  rai^yt;  lium  63 
to  119  ni/s  (Fig.  1).    If  the  estimation  is  applicable  to  the  damage  caused  on  cars  by 
the  fire  tornado  of  Hakayama,  it  will  be  possible  to  rank  the  intensity  of  the  tornado 
on  a  scale  of  P2,  which  corresponds  to  wind  speeds  ranging  from  50.4  to  70.3  p/s. 

For  the  wind  speed  of  the  fixe  tornado,  which  lifted  up  numerous  timbers  at  the 
Naval  tiidMr  yard  in  itekayaaia,  we  shall  only  make  an  estimate  of  the  speed  of  the  up- 

draft.    If  we  suppose  that  the  diameter  of  the  tisber  lifted  up  by  the  wind  to  be  20  cm, 

3 

density  of  the  tiniber  to  be  0.5  gr/cm  and  the  drag  coefficient  (C^)  of  a  cylinder  to 
be  l.Or  then  we  get  35  n/s  as  the  speed  of  the  upward  current  that  will  hold  the 
tiaber  fron  falling  down.    As  for  the  horisontal  wind  «peed,  we  have  at  present  no 
means  to  estimate  its  value. 
S.    B^periasntal  Study 

Although  a  considerable  number  of  fire  tornadoes  have  been  observed,  the  mechanism  of 
their  formation  has  not  been  made.     It  is  difficult  to  clarify  the  mechanism  through  the 
i5tudy  of  weathe.r  data  and  other  materials  in  the  formative  stage  of  the  tornado  because  of 
the  peculiarity  of  the  condition  during  the  formation  of  ths  tornado.     Therefore,  an  experi- 
mental study  of  fire  tornadoes  was  made.     These  experiments,  which  are  incomplete  and  have 
yielded  only  qualitative  results,  will  now  be  outlined, 
(i)  Experimental  Apparatus 

The  apparatus  used  in  the  experiment  consisted  of  a  circular  metal  base,  2  meters  in 
diameter  slnulating  the  ground  surface  and  a  wind  generator  that  can  provide  aiqr  wind 
distribution  in  either  the  horisontal  and  vertical  directions  (Plate  5) .    Attached  to 
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bottom  of  the  metal  base,  is  a  tank  of  2  meters  in  diameter  which  was  filled  with  water. 
The  water  teinperaturc  was  controllc-d  in  order  to  gi%'e  instability  to  the  stratification 
of  the  ciir  above  the  base.     The  wind  generator  has  15  wind  ducts  arranged  in  three  rows 
arid  five  Iines>  each  of  which  is  equipped  with  a  fan  and  can  produce  any  desired  wind 
speed. 

(a)  The  foznatlon  of  a  fin  tornado  ia  davaloped  by  placing  on  tha  natal  baaa  a 
oiroolar  burning  plata,  iriilch  ainalataa  in  idia  ainplaat  tnty  tba  burning  urban  axaa* 
Iha  burning  diae»  600  an  ia  diamtar  and  10  wm  thick*  ia  nada  from  glaaa-wool 
aoakad  with  n«tb{yl  alcohol. 

Raiaing  tha  taaiparatura  of  the  aurfaoa  of  tha  baaa  by  20*C  abova  tha  cook 
taNp*ir&tura  and*  at  tha  aana  tina*  giving  an  appropriata  wind  apaadr  a  fira  tornado 
of  Daaaana  tYp9  waa  fomad  aa  ahown  in  Plata  3  (b) . 

<b)  Conaidaring  tha  fact  that*  in  tha  foxmatlon  of  tha  06CD  tomadet  tha  OSCD 
ground  was  surrounded  by  a  burning  mhan  area,  an  aiqpariiMnt  was  conducted  using 
a  burning  plate  similar  to  tha  burning  area  in  shape,    in  the  same  manner  as 
described  previouslyt  the  tenperaturp  of  the  surface  of  the  metal  base  was  raised 
by  20''C  above  the  room  tenperaturo.     Then,   after  giving  appropriate  wind  speed  and 
horizontal  wind  shear,  formation  of  a  remarkable  vortex  column  like  a  whirl-wind 
was  observed  at  the  spot  surrounded  the  burning  area  (Plate  6  and  Fig.  2). 
Although  this  experimt-nt  s i mi- 1  it ies  the  natural  wind  condition,  it  seems  to  give 
essentially  the  model  of  the  osCD  fire  tornado. 

If  the  temperature  of  the  aetal  base  is  lowered  to  decrease  the  instability  of 
air  Btratificatian#  tha  fonnatlon  of  tha  vortex  ooluon  like  tornado  bacosiaB  rare* 
aowever/  even  if  the  aetal  base  ia  not  heated*  vortex  coluana  are  fomad  aporadi" 
cally  at  the  saae  spatf  after  applying  an  appropriate  wind  speed  and  %find  aheax. 
6.    characteriatic  Feature  of  the  BarOiquake  Fire 

Our  invaatigation  of  tha  fire  tomadoaa  in  tha  OSCD  and  tha  Wakayana  prafactural 
office  ground  revealed  t^t  tha  presence  of  an  extensive  burning  area  aaana  to  be  the 
decisive  factor  in  the  fontation  of  fire  tomadoea.    However,  not  all  of  the  large  fires 
recorded  in  the  history  are  aeoonpanied  by  fira  tornadoes.    Although  further  investiga- 
tion is  required  for  the  final  solution  of  this  problem,  it  is  highly  probable  that  there 
are  at  i(>ast  two  kinds  of  fire  tornadoea,  one  favorable  for  the  formation  o£  a  fire  and 
the  other  not. 

Examining  materials  of  past  largo  fires,   it  was  found  that  in  most  cases  strong  wind 
i-layed  an  important  part  in  the  extensive  spread  of  the  fire.     For  example,   in  the  instance 
of  the  gteat  tire  of  Hakodate  City,  Hokkaido,  which  destroyed  the  major  part  of  the  city  on 
March  21,  1934,  the  naxunum  wind  speed  of  22  wt/a  was  observed.    Aiiong  the  Three  Great 
Fires  of  Bdo  (old  Tolq^o),  which  are  well  knoim  in  tha  modem  histocy  of  Japan,  at  least  two 
were  due  to  strong  wind.    A  connon  feature  of  these  ia  that  the  fira  originated  from  ana 
source  and  apraad  to  an  extensive  area  fanned  by  a  atrcng  wind;  tha  burned  area  extaada 
in  a  atrip  (Fig,  3) .    However*  fires  due  to  earthquake  show  a  bum  aa  an  area  with  quite  a 
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different  shape.     In  this  case,  there  ar^  numerous  fire  sonrres  and  the  fire  breaks  out  all 
at  once  over  an  extensive  area.     In  the  case  of  the  great  fire  a£  Wakayarr.a,  which  was  not 
due  to  an  earthquake,  the  shape  of  burned  area  indicates  the  same  process.     Therefore,  it 
can  be  concluded  that  there  arc  two  kir.ds  of  great  fires,  one  of  which  fire  breaks  out 
£rcm  one  source  fund  fanned  by  strong  wind,  and  then  extends  along  a  strip.    The  other 
flM  Starts  burning  all  at  one*  fron  nunerous  soureas.    Genaraiiy  in  tha  fomation  of  flra 
tomaidoaBf  tha  lattar  la  noca  favorobla. 

In  dascrlbing  tha  aiqparliMntal  study  on  flra  tomadoaSf  «•  hav«  atatad  that  a  vortax 
oolunn  Ilka  flra  tornado  was  fomad  providing  an  aFPcopvlAta  wind  apaad  was  glvan.  Nanaly* 
in  our  a^parlaant,  tha  vortax  column  did  not  form  in  a  waak  wind  or  a  strong  windr  but  did 
fii»B  if  a  wind  apaad  around  1  n/a  waa  provldad.    As  a  nattar  of  fact,  boOi  of  tha  fire 
tornadMB  of  QGCD  and  of  WAkayam  pxef ectural  office  ground  fonad  in  relatively  weak  wind 
with  a  speed  of  4  -  5  n/a  for  tha  foznar  and  2-3  m/m  for  the  lattar.    ihua  the  wind  apaada 
of  such  range  saan  to  be  appropriate  for  tha  formation  of  fire  tornadoes. 

oonelusions 

?lre  tornadoes  of  09CD  and  Nakayama  pref ectural  office  ground*  whidh  caused  eataatrophies 
ware  studies  ralatlva  to  their  cause  foznatlon«  their  characteristic  featurea  and  their 
relation  to  tha  damage  induced.    As  a  reault.  it  waa  found  that  the  main  oauae  of  their 
formation  was  the  extensive  flra  that  was  initiated  from  numerous  sources*  the  peculiar 
shepa  of  the  burning  area,  an  epprqpriate  wind  qpeed  and  the  unstable  stratification  of 
the  atmosphere.   FurtlMzmore,  it  waa  revealed  that  fire  tornadoes  are  acooqpanled  by  very 
atrong  %flnds  reaching  speeds  of  70.4  -  92.5  m/a  for  OSCD  tornado  and  50.4  -  70.3  n/»  for 
Ifakayana  pref ectural  office  ground. 

The  major  characteristic  of  fire  tornadoes  is  the  updrift  and  induced  fire-flakes,  thus 
spreading  the  burnt  area.    In  addition,  the  fire  tornado  fans  the  fire  with  violent  wind 

that  surpasses  the  storm  in  typhoon. 

In  the  report  of  the  OSCD  fire  tornado,  tlie  following  statement.s  are  found.  "Fire 
creeped  about  over  the  ground.     People  fell  down  breathing  in  the  flajne."     "He  survived 
the  fire  without  getting  burnt  but,  a  few  days  later,  died  complaining  of  a  pain  in  his 
breaat".    Vhere  are  a  few  other  statements  with  the  same  implication.    According  to  "The 
Fire*  con^iled  by  Dr:.- K.  Nakata  (1969) »  the  lung  may  be.bumt  by  breathing  in  fire  which 
can  be  fatal  to  life.    At  first  difficult  breathing  occurs  due  to  the  break  of  pulmonary 
oapillariaar  then  emphysema  of  lungs.    Patients,  if  they  survive  this  stage,  they  axe 
generally  doomed  to  death  Buffering  from  bacterial  pneumonia. 

In  the  caae  of  the  OSCD  fire  tornado,  an  exceedingly  strong  wind  in  tiie  open  area 
made  the  falas  creep  about  the  ground  and  consequently  many  people  would  probably  have 
breathed  in  hot  air.    nacently,  if  the  fire  of  tall  buildings,  many  people  have  been 
reported  to  have  been  suf Coated  to  death  by  breathing  in  smoke.    In  the  ease  of  fire 
tornadoes (  however,  the  process  leading  to  death  is  somewhat  different. 
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DISTANCE  FROM  THE  CENTER  OF  TORNADO 

Fig.  1: 

Maxintm  wind  speed  estimated  from 
the  damages  of  structures  (Toyohashi 
Tornado  December  7,  1969). 
(by  H.  Ishizaki) 


Tornado  -  like  verloi 


t        *        t  t 

Wind  dirociien 

Fig.  2: 

Relative  position  of  vortex 
column  and  burning  areas  in 
the  case  when  the  most  remark- 
able vortex  column  was  gene- 
rated. 


Fig.  3: 

An  example  of  the  greatest  fire 

in  Tokugawa  Era;    the  fire  broke 
out  at  one  point  and  spread  lee- 
ward in  a  long  and  narrow  strip 
fanned  by  high  wind. 
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Plate  1  (a): 

A  tree  torn  off  by  the 
fire-tornado.    This  was 
taken  at  the  former  site  of 
the  Army  Clothing  Depot  im- 
mediately after  the  Great 
Kanto  Earthquake. 


Plate  1  (b): 
A  tree  torn  off  by  the 
meteorological  tornado. 
This  was  taken  at  the 
suburbs  of  Omiya  City,  near 
Tokyo  on  7th  July,  1971. 


Plate  2:       Gigantic  cumulonimbus  in  the  sky  over  Tokyo  after  the  Great 
Kanto  Earthquake  (taken  by  M.  Harada) .    The  former  site  of 
the  Army  Clothing  Depot  seems  to  have  been  covered  by  such 
a  cumulonimbus  at  the  time  of  fire-tornado  occurrence. 
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Plate  3  (a)  :    A  fire-tomado  which  formed 
accidentally  in  the  lee  of 
a  large  scale  fire  plume 
(by  J.  Dessens,  1961). 


Plate  3  (b): 

Vortex  column  like  a  fire-tornado 
in  laboratory  (by  S.  Soma,  1973). 
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Plate  4:       Fire-tornado  which  formed  on  the  leeside 
of  a  burning  tanker  (56,000  t)  in  Muroran 
Port  in  Hokkaido,  1965.     (Provided  by 
Hokkaido  Newspaper) 


Plate  5:  Apparatus  for  the  experimental  study  of 
fire-tornado.  Vortex  column  like  fire- 
tornado  is  made  on  the  copper  disk. 
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Plate  6: 

Vortex  column  like  fire-tornado 
obtained  by  the  burning  area 
model.    Vortex  column  can  be 
seen  on  upper  left.  (Picture 
taken  from  the  above.) 
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ABSTRACT 

The  problem  of  wind  effects r.  produced  by  tbe  construction  of  tall  buildings*  is  anal* 
ysed.    h  research  project  designed  to  obtain  infonation  about  this  problem  and  to  study 
the  countMpart  for  the  praventlon  of  hl^  winds  around  tall  buildings*  has  been  initiated. 
Some  preliminary  observations  are  described  herein. 


Key  Hbrds:   Building;  Hind;  Wind  Effects;  Hind  Loads;  Wind  Observation;  Wind  Speed. 
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Introduction 

During  the  past  10  years  in  Japan,  the.  nu:riber  of  tall  buildings  which  have  been  con- 
structed has  increased  dramatically.    Many  of  these  buiidinys  have  been  constructed  in  t/ie 


ntrfaott  1ji  pedestrian  wms.    Previously  tall  buildings  were  oonstrueted  in  low  building 
areas.    After  conatruotioa,  alterations  have  oce\irred  betMeen  the  owner  of  the  tall  building 
and  neariiy  habitants  about  the  change  of  wind  environment.   It  la  difficult »  however,  to 
find  a  solution  to  the  probleRr  because  quantitative  data  concerning  the  nodiflcatlon  of 
air  flow  and  the  frequency  of  occurrence  of  high  winds  is  too  scarce. 

The  Ministry  of  OonBtruction«  therefore,  initiated  a  research  project  to  obtain 
infomation  about  this  ^Mnonenon  and  to  obtain  a  guidance  on  this  wind  problen. 

In  ti»  followinga,  after  discussion  of  the  problem  concerning  this  phenonenon,  an 
outline  of  this  research  and  scae  preliminary  results  of  wind  observations  are  described. 

Wind  Surrounding  Tall  Buildings 

Che  problems  due  to  the  wind  caused  by  the  modification  of  airflow  surrounding  tall 
buildings  can  be  divided  into  two  categories t    1)  the  diange  of  the  environment,  and  2)  the 
increass  in  damage  to  the  structures  surrounding  the  tall  buildings. 

The  former  is  concerned  with  tore  kinds  of  phenomena;  a)  an  increaae  of  the  frequency 
of  occurrence  of  high  winds  and  b)  an  increase  of  frequency  of  occurrence  of  calm  condi- 
tions.   Ihe  "hi^  wind"  condition  is  a  wind  tirtiich  has  a  speed  which  becomes  annoying  to 
people,  whicdi  is  generally  5  m/s  or  greater.    These  "high  winds",  cause  difficulty  in 
walking,  increase  heating  consumption  in  winter,  create  difficulties  in  opening  of  doors, 
cause  disturbance  In  roons  whftn  window:-;  are  open,   and  inpef:"^  plant  qr-wth .     Thp  occurence 
of  the  high  winds  increase  the  frequency  of  calm  conditions,  and  thus,  the  conplaints  of 
sultriness  during  the  summer. 

The  chanL7e  in  the  environment  is  the  nest  serious  problem,  because  this  is  related  to 
calm  wind  which  occurs  very  frequently.    These  wir.ds  are  affecteii  by  tiie  air's  thermal 
stratification  (vertical  teiqperature  gradient)  in  addition  to  the  large-scale  weather  condi- 
tion, and  tbusf  makes  it  very  difficult  to  estimate  tiie  change  in  the  environment. 

Ihe  second  wind  problem,  the  increase  in  damage  to  structures,  is  related  to  higher 
winds  such  as  those  caused  by  typhoons.    In  general,  buildings  esqposed  to  such  high  winds 
will  be  subjected  to  some  damage  risk.    However,  buildings  standing  near  tall  buildings  may 
be  ei^sad  to  the  additional  inorease  of  wind  speed  caused  by  the  modification  of  air  flow, 
thus  increasing  the  risk  of  damage. 

In  order  to  solve  these  problems  the  following  information  neede  to  be  collected; 

Change  of  Environment 

(1)  Distribution  of  wind  speed  around  tall  buildings  in  relation  to  the  air's  thermal 
stratification. 

(.'?■)  Frequency  of  occurrence  of  each  pattern  of  •.,ind  speed  distribution, 
(3)  Criteria  of  allowable  change  of  environment  stipulating  the  correlation  of  wind 
speed  and  frequency  of  occurrence. 


central  part  of  large  cities,  and 


Bonetimes  produce  high  wind  speeds  near  the  ground 
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(I)  Distrilautian  of  wind  ap««d  around  tall  buildings 
(2}  Dlstxilsution  of  tuzlvaleiice 

Description  of  the  Research  Project 

llM  Building  BetMuWh  Instltuta  hu  instituted  s  research  project  relative  to  this 
pnoblen  since  1975.    The  purpose  of  this  project  is  to  provide  Infonnations  stated  above 
end  solutionB  to  eltainate  the  high  wind  iqpeeda.    The  following  studies  are  part  of  this 
project; 

(1)  Wind  observation  around  tell  buildings 

High  winds  around  tall  buildings  have  been  observed  at  several  tall  buildings  sites 
in  Japan.    The  pericde  of  these  cbeervations*  however*  were  for  only  a  few  hours*  and  thus 
the  date  obteined  are  not  relieble  in  order  to  understand  the  guantitetive  natuna  of  winds 

around  these  tall  buildings.    Therefore,  continual  wind  observations  around  and  in  tike 
vicinity  of  a  few  tall  buildings  will  be  conducted  during  the  next  several  years. 

(2)  Field  investiqation  of  the  influence  of  the  wind  in  the  environment 

In  the  vicinity  and  arourid  many  tall  b'^ildings,  the  intensity  and  spatial  distribution 
of  the  change  of  wind  wiii  be  studied.     The  relation  between  the  dimension  or  shape  of  tdUl 
buildings  and  the  change  of  wind  on  the  environment  will  be  analyzed. 

(3)  Study    of  wind  through  wind  tunnel  test 

If  a  reliable  similarity  law  is  available,  wind  tunnel  tests  are  quite  effective  in 
evaluating  the  wind  distribution.    However,  such  a  similarity  law  is  not  known  at  present 
and  thMefore  the  possibility  of  such  a  law  will  be  studied  in  this  project  by  conparing 
ad  hoc  testing  nethoda  with  full-scale  neasurenente. 

(4)  Developwnt  off  nethode  to  reduce  high  winds 

Ifindbreeks  and  shelterbelte  have  been  utilised  in  agriculture  areas  in  order  te  reduce 
surface  wind  iqpeed  and  te  obtian  tite  resulting  nioro^cliaatic  chsnge  in  plant  growtii.  In 
this  project  such  applications  will  be  eicaminad  relative  to  winds  on  buildings. 

Preliminary  Results 

The  Building  Research  Institute  has  conducted  wind  cbaervatloas  in  1974  at  two  14-story 
building  sites. 

<1)  Wind  observations  at  Tokorosawa  City 

TCkorosawa  New  TOMn  is  a  housing  area  developed  in  the  outekirt  of  itakorosawa  Ci^. 
Three  14-story  apartaitthte  an  arranged  in  a  line  running  f  roa  west  to  east  in  the  center  of 

this  New  Town.     Surrounding  the  three  tell  buildings  is  a  five  Story  apartnmt  and  one  and 

two  story  houses.    Wind  observations  were  made  at  3  levels  of  two  dbservation  pointe  as 
shown  in  Fig.   1.     Between  thoE3c  two  points  a  wind-shelter  fence  of  4  a  in  height  and  40  m 

in  length  were  arranged  from  south  to  north. 

Wind  data  c;ollected  at  the  Tokorozawa  Fire  Station,  which  is  located  3  km  from  the 
New  Town,  were  used  as  the  reference  location.    The  height  of  the  anemometer  at  the 
reference  point,  is  9  m  above  the  ground. 
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Fig.  2  shows  the  frequency  of  occurrence  of  wind  speeds  at  points  P,  to  P,  in  the  New 
Town  compared  with  that  at  the  reference  point.    According  to  this  figure,  at  Pj^/  P^r  P^ 
and  P,  the  frequency  of  occurrence  of  the  calm  wind  is         below  2  m/s.    However,  the 
frequency  of  occurrence  of  the  higher  winds  is  several  percents  higher  at  every  wind  speed. 
The  frequency  of  occiurjrwnoa  «fe  points       and      is  quits  dif fsnsnt  fzom  ottisr  points  snd  is 
Bimllar  to  i^t  at  ths  Firs  Station,    ihls  is  pEcbably  due  to  ths  alMltsr  sffoct  of  tlis 
fsncc. 

Fig.  3  Mhoifs  the  relationship  betMeen  the  ratio  of  the  wind  speeds  at  points  P^  to  P^ 
to  the  refarenee  wind  speeds,  when  the  reference  wind  direotion  in  H,  Hm  and  MM.  The 
▼aluas  of  the  wind  qpead  ratio  R  is  greatly  scattered  at  the  lower  reference  wind  speeds t 
but  the  scatter  bsoenss  Isss  with  increasing  rsference  wind  speeds.    Hie  waariiiipa  valua  of  R 
is  greater  tban  3  and  la  observed  at  reference  wind  speed  of  2  iq/s.    At  the  higher  refer- 
ence wind  speeds  the  value  of  R  lypproach  unity. 
(2)  Wind  observation  at  Koto-ku,  Tokyo 

The  other  location  where  preliminary  wind  observations  were  conducted  was  at  KOto-kU* 
Tokyo.    At  this  location  there  are  eight-fourteen  story  apartment  buildings  which  were 
constructed  in  1975  as  shown  in  Fig.  4.     Wind  observations  were  made  in  1974,  when  the 
apartments  No.  4,  5  and  6  were  under  construction  and  they  were  only  two  storied  buildings 
at  the  end  of  the  year.     The  average  wind  speeds  were  continually  observed  at  6  points  as 
shown  in  Fig.  4  and  at  a  i^eight  o£  5  m  above  tiic  grouad.     The  wind  data  collected  at  a 
wind  tower  (54m  high  above  the  ground)  of  the  Japan  Meteorological  Agency,  which  is  loca- 
tad  7  kn  fron  the  observation  site  and  was  used  as  a  reference. 

Fig.  5  shown  the  relationship  between  the  reference  wind  speed  and  the  wind  speed 
ratio  R  (wind  speeds  at  points  P^  to  P^  to  reference  wind  spaed) ,  wh«i  the  reference  wind 
direction  was  MW.    As  shown  in  this  figure r  there  is  a  tendency  for  the  R  value  to  scatter 
and  is  similar  to  that  in  Tokorozawa  areas  with  the  aean  value  of  R  differing  greatly  f rcn 
point  to  point. 
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Fig.  4  LAirOUTOF  WIND  OBSERWION  POINTS 
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WIND  ENGINEERING  RESEARCH  PROGRAM 
SOPPOIOSD  BY 
TBB  NMIONMi  SCIBNCB  FOONDMION 


Michael  P.  Gaua 

fie  ad 

Engiiiaering  Mechanics  Section,  NSF 
Wuhin^ton,  D.C. 


ABSTRACT 


The  National  Science  Foundation  is  an  Agency  of  the  Federal  Government  established  in 
1950  to  advance  scientific  and  technical  progress  in  the  United  States.     The  Foundation 
fulfills  this  responsibility  primarily  by  sponsoring  scientific  research,  encouraging  and 
supporting  improvements  in  science  education,   and  fostering  scientific  information  exchange. 
NSF  does  not  itself  conduct  research  or  carry  out  education  projects. 

Operating  under  this  charter  the  Foundation  supports  a  substantial  acnount  o£  research 
in  Wind  and  Seismic  effecte.    The  Diviaion  of  Engineering  has  for  the  past  years  had  an 
orgaaiMd  area  activity  in  Wind  Bngiaaexlng  Researdi.    Xhe  priaazy  emphaaia  of  thia  reaeardh 
haa  been  towatd  developing  a  better  uaderatanding  of  the  atrootore  aad  flow  of  tiie  eartii^a 
boundary  layer  to  deivelqp  new  knowledge  and  techniquea  for  ^radicting  and  ooping  with  the 
Interaction  between  the  boundary  layer  wind  and  nan'-tiade  or  natural  objects  and  to  develop 
■ethoda  to  aaaeea  or  predict  enviromental  effecte  related  to  %find  flow.   JUnoet  all  of  the 
current  reaearoh  prograna  being  evpported  are  at  acadanio  inatitutlona.    A  BiBBary  of  theae 
current  reaearoh  projects  is  given  herein. 

Key  Htadst   Education;  Veaearch;  Keaaareh  Progranas  Wind  Bnglneerlnsi  Hind  Studies. 
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Introdttctioti 

pior  puzpOsM  of  claMiflcatloUr  Htnd  EngitMariag  SMaandi  is  divldad  into  16  cat«9oria& 
Ihasa  cataforiM  an  ahcMn  in  Pig.  1.    Pxinuy  vapihaBia  during  tha  aarly  yaara  Of  tlM  pco- 
grav  liaa  baen  in  eatagoriaa  1  thra  10  and  in  catagoty  16. 

of  special  intereat  during  the  last  year  has  been  the  beginning  of  operations  of  tha 
Wind  Engineering  Research  Council  which  was  funded  during  FY  1974.    Objectives  and  organi- 
zation of  the  Council  are  shown  in  Figures  2,  3,  4,  5  and  6.     The  Coxmcil  has  already  been 
active  in  promoting  interchange  between  wind  engineering  researchers  and  anticipates  organi- 
zinq  a  series  of  workshops  in  the  future  to  assess  important  problems  aitd  opportunities  for 
wind  engineering  research. 

Also  made  avaiiabiti  durinq  the  last  year  is  tije  lirst  issue  of  U»e  Wind  Engineering 
Digeat.    The  Hind  Engineering  Digest  is  a  survey  of  current  projects  in  various  aspects  of 
wind  enginearing  raaaarcb.    Hie  dlgaat  is  intended  to  alert  investigators  to  xessarOh  in 
prograaa*   Iba  original  intention  was  to  include  in  the  first  voIum  only  raseazdi  pzojacts 
in  ttie  U.8.A.  However,  becauae  of  international  interest f  It  was  decided  to  include  inters 
national  projects  fox  which  questionnaires  were  received.   The  cover  and  index  of  the  Mbrd 
Digest  are  shown  in  Fig*8.  7  and  8. 

Activities  of  tha  Connlttee  on  Natural  Diaaatara  of  the  tietloaal  Academy  of  Bngineeriag 
have  continoed  to  be  supported.    The  wind  related  activities  are  twofold.   One  is  to  ssad 
investigation  team  to  sitea  of  natural  diaaatara  (aueh  as  tomadoea  or  cyclones)  to  collect 
data  on  damage  and  effects  which  may  latter  be  used  to  reconstruct  damage  mechanisms,  vel' 
ocities<  missile  densities,  and  so  forth.    Much  of  this  information  is  of  a  perishable 
nature  and  may  be  obliterated  by  rescue  and  clean-up  operations.     This  information  is  then 

made  available   to  researchers  who  might  wish   f^o  dci    i  n-t5i^ph>i   r;tucli<_-r.   on   t_he  effects  of  such 

storms.     Several  teams  were  dispatched  during  the  last  year  to  document  damage  due  to 
tornadoes.    The  second  wind  related  activity  is  to  prepare  a  comprehensive  report  on  Hind 
Engineering  research.    This  report  would  be  similar  to  the  19&9  report  on  Earthquake 
Engineering  Research  prepared  under  the  auvices  of  the  sane  coMRittee  which  at  that  tine 
was  operating  under  the  title  "Connittee  on  Earthquake  Engineering  ReMardh.*   Tha  title 
page  is  shown  in  Fig.  9.  (not  suhnltted  for  pttfilication)  • 

During  FY  1975  a  total  of  19  reaear^  projeeta  ware  funded.    Thia  ia  in  addition  to 
projaota  funded  in  prevloua  years  t  but  still  in  progress  due  to  nultiple  year  funding 
periods.    A  list  of  all  projects  currently  in  progresa  would  ba  rather  volunlndusr  therefore 
a  eoapleta  liatiag  of  such  projects  in  progress  #  describing  FY  1975  research  grants »  nay  be 
obtained  from  NSF.    Total  dollar  support  for  Wind  Engineering  reaear^  during  ttie  last  five 
years  is  shown  in  Fig.  10. 
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TOP  BMGIBBBiaillS 


1)  structure  of  wind 

a)  Bovindary-layer-vsrtleal  (50  to  100  n&tmx  raglon)  and  taorlsontal  profiles,  tuxbtilaniOtt 
Intensities 

b)  BxtxsMs  and  duratioas 

c)  Effects  of  Moisture  contsnt  -  rain,  saov,  hail 

2)  WindHftwe  Bf fects 

a)  Wave  generation 

b)  Open  sea  structures  -  floating  platforms,  ships 

c)  Off-shore  structures 

d)  Ooastal  structures 

e)  Baxbors,  eatuarisa,  inlets 

3)  Effects  on  Urban  Areas 

e)  Charaeterlstiea  of  mod  build-vp  areas 

b)  Influence  of  tall  structures 

c)  Transport  and  entrainment  of  pollutcuits 

d)  V/STOL  airports  and  heliports 

e)  Miczo-thenoal  phenomena 

4)  wind  Loading  on  Strucutres 

a)  Drag,  vortex  shedding  and  separation 

b)  Dynanlo  response  and  stodiastio  analysis 

c)  Numerical  algorithms  and  oooputer  software 

d)  Loads  on  cladding  and  glass 

e)  Static  vs«  statistical  ajpproaidi 

f )  Penneability  effects 

5)  Severe  Storms 

a)  Thunderstorms 

b)  Bnrrioanes  -  wind  velocities,  wind-«at«Hr  interactions 

c)  Tornadoes  -  wind  and  pressure  distributionB 

d)  Local  phenomena 

e)  Prediction  oapi^litles 

6)  Design  for  Hurricanes  and  Tornadoes 

a)  Critical  structures  -  nuclear  reactor,  etc. 

b)  Standard  structures  -  controlled-sequence  failure  to  protect  life 
e)  Missile  daaage 

d)  Beoncsiic  oonsidarationa 

7)  gull-Scale  Testing 

a)  ZttStrunentation  development 

b)  TTrban  and  rural  profiles  for  engineering  applications 

c)  Structure  testing  -  fixed  and  pcnrtable  struotuTss,  bridges,  cooling  towers,  tall 

stacks,  tall  buildings 

B)    Model  Testing 

a)  Special  wind  tunnel  facilities 

b)  Model  scaling  and  dynamic  similitude 

o)  Struotnre  testing  -  fixed  end  portable  structures,  bridges,  cooling  towers  and  tall 
stacks 

d)  Effects  of  clustering  and  wake  interaction 
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9)    Environmental  Factors 

Effects  of  structure  on  surroundings  -  entrsipBent  of  pollutants,  stability  of 
vhid—  and  padestcians 
b)  Bf foots  on  anvironimtal  oontxol  aystans 

10)  Psycho-Ptiysical  Factors 

a)  Perception  levels  for  notion  in  various  structures 

b}  Motion  tolerance 

o)  Paydkologioal  xa^onaa  to  drift 

11)  Legal  Factors 

a)  Pollution  problems 

b)  Buffeting  of  downstream  structures,  etc. 

e)  Missile  dsBBfe  caused  by  other  strueturas 

d)  Structural  damage 

a)  Occupancy  discomfort 

f )  Xnsueanoa  rataa 

12)  Special  Problems 

a)  Moisutre  penetration  of  buildings 
b}  Hind  zoning  for  cities 

e)  Building  code  requireaents 

13)  Wind  Considerations  in  Urban  Planning 

14)  Building  Codas  aod  Regulations 

15)  Booi-Boonosde  Bffeots 

16)  Intamational  Oooperation 
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An  onuniziticn  for  ooordiMtliio 
maarch  activity  and  dieaaminating  infonnation 
on  Wind  Engineering  prabtemB 


II-S 


Digitized  by  Google 


Vlg.  3 


Tlw  Wind  GftginMrtng  AMeareh  Cvunell 

formed  to  provide  a  mechanism  for  the  free  ex- 
change  of  information  on  tesearch  plans,  priorities, 
md  programs:  and  to  assist  in  the  oOMllnMian  «f 
I  ■■■nth  sffort*  in  wind  enoinMrino* 

The  primary  objectives  of  llw  Wild  EHQlnwrliiB 

Research  Coincil  are: 

e  To  Stimulate  the  initiation  of.  and  provkle  the 
ooenllnMiefi,  of  wtMw*i  «flafl»  Ir  Wind  aneiiiMr* 

Int,. 

e  bnplaiMiM  Ihs  diMsmiMtlon  and  ♦whawas  of 
iMirdi  wtm«  In  Hi*  v«1- 
i  of  wind  #nolftoOf  ino* 

•  Delineait  prablMM  iitt  oMt  ugMtiy  iMod 

research. 

•  Establish  a  National  Wind  Engineering  Infor- 
mation Center  consisting  of  0  tfeMnf  *t  Mlllcn- 

tions  and  research  reports. 

e  hwMe  advice  to  gavemment  agencies  and 
Md  probloms. 


Mstmtm 

Tho  Cttmell  organizes  psriodic  national  meet- 
ir>9S  of  research  investigators  In  Wind  Et^ineering. 
These  meetings  corwist  of  roporta  on  etmrmt  f 
•MKhantf  dIaeuMlena  «tt  «r  by  warfcInQ  wl>voufM 

on  directions  for  future  research.  The  proceedings 
of  these  national  meetings  are  published  and  aent 
to  those  individuals  and  ofomlntlonB  on  liio  NBIC 
mallln«  Hat.  In  addition,  o  quimrly  newsletter  re- 
porting on  aedvlMis  and  ratheoming  evmts  in 
WmdEhohWirifw  tt  aialiad  m  all  Hmmm  PMta*. 


The  activMaa  of 
from  the  NaUonal  Sc{( 


^•1 


Bec.9Lse  of  the  nature  of  the  organization  there 
>■  no  fonnalmembership  claoolfionion  hr  piftiei- 
(WMs  in  WGRC  adtirlttao.  1lw  "hMnlNrahip^  or 

lha  CoimOil  eanelsts  of  ail  pe'sons  ood  wgomza. 

tlons,  on  ttia  WeRC  mailing  list,  having  an  active 
interest  in  one  of  the  areas  of  Wind  bigineorlng. 
InterestKl  portio*  may  bo  Includwl  on  the  WEHC 
"•Ilfcl9  ll«  by  MMKlnatllBlr  name,  organisation. 


I  A.  Rannelee,  Executive  Secretary 
Wnd  Engineering  Research  Cowcil 
Department  of  Civil  Engineering 
Northweatsm  Uniwarsity 
illlnola  mm 


■"•ww:  |312|4tt-9172 
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WIND  ENGINEERING 


RMogniilng  that  the  effects  of  wind  on  Hm  MWri^s  of  man  rMHitt  In  itttMhw  dtawm  and  i«iacca|»> 
Mm  Iw  of  lif*.  ilw  W(nd  EnglnMrins  nwieh  Council  ww  tarmod  to  mvemMtf  and  cooidimis 
i«Mtnh  on  wrinito  and  wind  ■ftacMi  and  m  diaaamhiate  Infannaiion.  «KHC  is  aapacially  oowcamad 
wiih  iha  fOlkwing  aaiMcta  of  die  wind  anginaaring  imblam. 


tOUNDAirr-LAYR  tNNOt 

Distrilxition  of  mean  air  speeds 
DiMritiiJtion  of  mean  temperature 


Orographic  effactt 
Urt>an  effects 

Joint  probability  of  ak  valocitv^ 
tempentMra  and  humidity 

tCVERE  STOflMS 
Thumterstonns 
HmrlcanM 

Tornadoes 

Exiratrapical  cyclones 
Oownslepawipida 

Post-disastef  inspections 
Extreme  wind  statistics 

WIND  LOADING  ON  STRUCTUReK 
Mean  and  dynamic  recponaas 
Vortex -shedding  meltation  and 

gallopine 
Leading  on  eladding  and  gtaaa 
Effects  of  architectural  details 
Stochastic  analysis 
Impact  of  wlrtd^lven  intasHoa 
Building  code  raqulramenl* 


PSYCHO-PHYSICAL  FACTORS 

n^eaptlon  threshold*  el  motion 
Toleiafioa  for  vllwataiv  motion 

vtvnd  criiena  fcx  pedoMrian  aaiety 

and  comfort 


OTCCn  ON  UMAN  AMEAS 

TranSTwt.  entrainmern  and 
sntrapment  of  pollutant 
Stability  of  vehicles  and  pedaattrtane 

Location  of  V/STOL  airports  and  heliports 

Location  tA  industrial  and  power  placMS 
Wind  zoning  for  cities 

MicrtHhermal  characteristics 


FULL-SCALE  MEASUREMENTS 
Inati  lanantatlon  devalopmant 
■Meteorological  varlablee 
Pollutant  concentrations 
Wind  pre&suras  on  building  Siifactt 
Structural  reaponeas 


MODEL  TESTS 

Wind«raal  fecMitles 

f.'.cxiel-prototype  similituda 
Blockage  effects 
Wind  chanclarletlcs  for 
StruelursI  teaponaaa 
Building  aurfaea 
Diffusion  of  eteok  and 


gPECIAL  PROBLEMS 

AgrlcuHural  eeradynamic* 
Air-eae  infaraciions 

Wind-inductxl  noise 
Wind  pcmer  generation 


11-7 


Digitized  by  Google 


Fig.  6 

■ERC  ADVISOmr  COUNCIL 

The  affairs  of  tha  Couiwil  mm  hHidM  by  «n 
AdvlMiy  ConnitiM  wlilch  corwtett  of  dw  totlow- 
IngiMMbM! 

EXECUTIVE  aoiMD 
Chairman 

Jack  E.  Canriak 

Colorsck)  Stata  Unlvmlly 

1«  VIce-ChBirman 
Leslie  E.  Robertson 

Skill Irifi.  Hall*.  ChrinlWiMn.  Rotaamon 
2nd  Vlc<»-Cha 
Anatol  Roshko 

Californfa  Institute  Of  Tachnology 
fiKecutiva  Sacretary 
nichard  A.  Pamnelee 

Northnvaatarn  Unlvararty 

ABvwomr  ooHmmi 

AftiiurN.LChiM 
Uilraraltv  of  H«Mll 

Alan  C.  Oavanport 

Uni varsity  of  WattMn  OntaHo 

Joffti  H.  Golden 

Itatlml  twan  atMna  LaboMtoiy 

Robert  J.  Hansen 

Massachusetts  Institiita  of  Teclmo4ogy 

OaaraaW.  Houanar 

Cai;romia  inMttwi* ef  Teelnalaay 

KIshor  C.  Mahia 
Twas  Tacii  Untvartitv 

Nathan  M.  Nwvmark 
University  of  llllrvols 

Nana  A.  RanoMty 

Pennsylvania  Stata  llniv«MHy 

QaorgaW.  RaynoMa 

NoadMmKNVICON  )ne. 

Robert  H.  Scan  Ian 
Ptinceton  University 

Anilwl  J.  Sdtlfr 
Purdue  Univaralty 

H.  C.  S.  Thorn 
CenauMno  MMMroloolat 
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Wind  Engineering 
Research!  Digest 

Voliiiml-1974 


9pantomd  throu^  Gmt  GK-SOM? 
Nationil  SciMNt  FoHiidMion 

ConductKi  in  Cooperation  with  the 
Wind  EhfiiiMflni  RwMfich  Ooundl 

Unfvenity  of  HavwH 
Honolulu,  Hawaii 
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ABSTRACT 

In  1972,  a  nuxber  of  prefabricated  dvellings  in  the  Nagoya  district,  Japan,  suffered 
damage  from  high  winds  caused  by  Typr.con  No.   7220.     Much  of  the  d^^^r.age  to  tho  dwellings 
caused  by  this  typhoon  was  the  rtmovai  of  the  fiat  roofs  of  the  buildings.     It  is  known 
that  the  corners  of  flat  roofs,  when  subjected  to  high  winds  have  high  suctions  with  peri- 
odic fluctuating  force  con^>onents.    The  cause  of  this  type  of  damage  has  created  a  need 
for  studying  the  dynanic  effect  of  wind  pressure  on  roof  comers.    Such  a  study  has  been 
condiictad  since  1973  by  tiie  Building  Research  Institute.    The  results  of  the  1974  field 
flibservatlons,  by  the  BRZ,  will  be  giv^  herein. 


Key  Words:    Buildings;  Oynaaic  Effects;  High  Winds;  Roofs;  Typhoon;  Wind  Pressure, 
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Full-Sc-alo  Measurement  of  Witid  Pressure 

A  two-Story  dwelling,  shown  in  Fig.  1,  was  used  to  measure  wind  pressures  on  roof 
eoiiMES.    Th«  locations  of  th«  prossura  murnvrwrnm^v  wmtm  vzm^ad  on  iflia  nwf  of  tiia  2ad 
■tory  «■  shown  in  Fig.  2. 

TTpL^  pOHttr  «Mtra  of  thm  wind  prMaurs  fliietuRtlona«  at  sev«ral  praasure  neaatire- 
mnt  loostionsr  are  ehoim  in  Figa.  3  and  4. 

Pig.  3  ahowa  tte  pcwer  ^ctra  at  the  north  west  comer  of  t3ie  roof  during  a  11  a/m 
vind  froa  MB-B  direction.   At  the  MB-l  location*  ana  energy  power  distxltmtloa  occurs  in  all 
ffeequanoy  rangea  and,  therefore,  the  preaaure  f loatuatloB  ia  eonaldexed  to  be  randcsi.  Howami; 
at  locatlona  IIB-2  and  IIB-3«  tMO  predoodnant  fregM^ency  coavonents  are  observed  at  values  of 
0.4  and  0.72  H^.   At  location  iiB-2,  the  energy  peaka  are  cbaerved  at  1.9,  2.2  and  2.6  B^, 
and  at  location  ne-4  only  a  line  power  la  dbaerved  at  2.65  B^. 

ttub  reduced  freqMencies  are  given  by; 

f -2D 

V 

where  n  =  frequency,  D  =  characteristic  length,  and  V  ■  wind  velocity. 

Using  the  predominant  frequencies  of  0.4  and  0.72       at  locations  NE-2  and  3,  the 
reduced  frequencies  are  0.17  and  0.13,  respectively,  where  the  characteristic  lengths  D  are 
taken  as  2h  (h  =  height  of  the  wird  story  roof  from  the  1st  roof)  and  21  (1  =  projected 
length  of  the  eave),  respectively.     These  values  of  reduced  frequencies  are  approximately 
the  same  as  those  obtained  on  square  cylinders  during  wind  tunnel  tests,  and  it  is 
considered  that  these  predominant  frequency  conponents  are  caused  by  the  vortex  formation 
near  the  roof  comer. 

Ihe  phyaical  Meaning  of  the  pcedoninant  frequency  of  2. 65      at  location  MB-4  has  not 
been  detemined  and  will  require  future  atudias. 

At  looating  HE-5  and  6#  tibe  energy  peaha»  as  ahown  in  Fig.  4,  are  alao  obeerved  to 
have  the  aaae  fxaqueneiea  as  those  at  locations  IIB'2  and  .3  as  shown  in  Fig.-  3.  Otmsldsx* 
for  eHaaplo,  point  NB-l  idibMn  in  Fig.  4,  i«hich  has  a  peak  frequency  of  1.6  H^.  soppcse 
that  D  is  2  tisMs  the  projected  length  of  the  curve/  the  reduced  frequency  beccaies  0.16* 
The  power  qpectruai  for  point  NB>7  haa  the  aaaw  feature  aa  that  for  point  NB-4  as  ahown  in 
Pig.  3. 

Modal  Teat  on  the  Bewwnae  of  Boof  Comers 

A  snail  nodal  of  a  roof  comer  was  set  on  a  building  60  at  high  above  the  ground  and 
the  vertical  divlaoaaents  of  the  roof  corner  was  observed  for  0*  to  30*  roof  slopes,  as 
shown  in  Fig.  5.    Ttte  nodel  was  set  at  a  pos'itioo  where  the  wind  direction  was  constant  and 

the  vertical  wind  coir^nent  was  very  snail. 

The  results  from  these  observations  are  as  follows; 

a)   The  mean  displacement  changed  with  roof  slope:     that  is  the  direction  of  the  mean 
response  was  downw«u:d  for  0"  to  10"  and  upward  for  15"  to  30"  as  shown  in  Fig.  6. 
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b)  Tlw  root  Mean  «9i«r*  v&Ium  of  tlM  displacMMnt  a^,  tnM  iadt^pmaduxt.  of  tha  roof 


slope.   Am  wing  tiiat  tho  naximun  rasponM         and  tha  noan  rovonaa  Y__^_  la  glvan 

■  ^nan      *  y"^  ) 

meAn 


thia  constant  k  aquals  3  to  4,  in  tha  range  of  roof  slope  0'  to  30*  as  shown  In 
Fig.  7. 

e)  rig.  8a  to  •  shows  the  powsr  qpactra  of  the  di^laeemmt  for  tha  xeof  slopa  0* 
to  10*.    In  these  figures  the  energy  peaks  are  observed  at  the  fandaa»ntaX  fre* 
qusncy  of  this  node!  roof*   However,  when  the  roof  sloipe  is  In  the  range  of  15* 
to  30**  these  peaks  are  not  obaerved*  as  shown  in  Pig.  8f  to  h. 

Conclusion 

Ihe  following  phsnoMoa  has  been  observed  from  the  Masureiiant  of  wind  pressure  and  the 
response  of  the  roof  comers. 

1)  Ihe  prsHHwInant  f xaqusnqr  oonponents  were  observed  during  the  wind  pressure  fluc- 
tuation «t  the  roof  comers. 

2)  The  values  of  tha  rednoad  frequency  of  these  predoainant  oonponents  were  neerly 
equal  to  those  reoozdsd  on  square  cylinder^  during  wind  tunnel  tests  and  these 
ooqponents  are  considered  to  be  caused  by  tb»  vortex  fecnation. 

3)  The  reaiponse  of  roof  comers  in  the  wind,  from  the  diagonal  direction,  changes 
its  feature  dlscontinuously  for  «  slope  cmgle  of  10*  to  15*. 
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FiC>^   Plan  and  elevation  of  the  roof-corner  model. 
ArrenjieaieRt  of  the  sodel  on  a  ^uildine. 
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ABSTRACT 

The  resistance  aqainst  wind  of  a  long-span  suspension  bridges  is  one  of  the  important 
design  problems  because  this  type  of  bridge  is  flexible  and  sensitive  to  wind  action.  The 
Kanmon  Bridge,  opened  to  Che  public  in  November  197  3,  is  a  typical  long-span  suspension 
bridge  in  Jepan.    Hie  design  of  this  bridge  against  wind  initiated  during  the  early  design 
phases  and  its  stability  against  wind  was  fMnf  Iznsd  thzougih  wind  tunnel  aniparlmants  on 
section  andels.    However »  oonflxBstlon  between  theocy  end  model  tests  can  only  be  oonfimad 
by  eansidaring  field  stndies  and  the  resulting  data.   Such  studies  can  reconfirm  the 
bridge  safety  when  the  bridge  behavior  is  esanined  under  'strong  wind  conditlonB.  cooaid- 
erlng  these  thoughts »  a  long^texx  observation  plan  system  %raa  est^llflhed  on  the  Kanaon 
Bridge*  with  actual  observations  initiated  in  April  1974. 

In  this  paper »  the  researth  plan  for  the  long-term  observation  system  la  reviewed. 
Thsnr  the  ohaxacteriatics  of  the  approacdiing  wind  and  the  response  of  the  suspended  struc- 
ture are  presented,    a  comparison  is  then  made  between  observed  and  theoretical  wind  gust 
responses.    The  results  show  that  the  observed  response  is  less  than  the  theoretical  re- 
sponse and  thus  Shows  the  need  for  accunulation  of  data  which  can  i^rove  analytical 
techniques. 

Key  Dbrds:    Bridges;  Displacements;  field  Tests;  Winds;  Wind  Measurements;  Wind  Speed. 
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Introduction 

Hind  effects  on  a  structure  are  generally  classified  into  two  categorlaa*  atatic  and 
dynamic  effects.    Generally  in  suspension  bridge  design  only  the  mean  drag  component  is  oon- 
sidcrod  as  desigr.  winrl  load.    The  design  wir.f1  loa1  is  generally  of  minor  importance  for 
short  span  bridges,  but  is  important  in  long  span  bridgcG,  because  the  cro88-sec1:ional  area 
of  tb.o  principal  members  in  long-span  bridges  are  governed  by  wind  load. 

In  addition,  there  is  a  possibility  that  suspension  bridges  or  cable-stayed  girder 
bridges  will  den-ionstrate  aerodynamic  instability  sue':;  as  flutter  or  vortex-excited  oscilla- 
tions as  a  result  of  the  dynamic  effect  of  the  wind.     Therefore,  design  information  and 
9ird«rs  ar«  requlrad  to  aecount  for  this  affaet  In  tha  dasign  procedure. 

Tim,  daring  the  pralimiiiary  daaign  of  the  XaiBdon  Bridge^  a  conprehenaive  aurvey  waa 
oonductad.    Iha  hasic  wind  apaed  (expected  wind  speed  averaged  over  t«i  ainutes  at  a  height 
of  tea  aeters  above  sea  level)  for  dstemlning  the  design  wind  ^peed  vas  selected  based  on 
both  the  as^acted  return  wind  apeed  at  the  coostruction  aita  and  the  wind  distribution 
eatinatad  fron  the  wind  tunnel  eiqperiiBettt  on  a  topographical  modal.    The  eroaa  aectional 
configuration  of  the  su^ended  structure  was  selected  f rem  section  model  tests  under  laminar 
flow#  whlth  showed  sufficient  stsblli^  against  the  wind. 

In  addition  to  the  Kannon  Bridge,  several  other  long  span  bridges  aveh  as  the  Wakato 
fixidge  and  the  Onomichi  Bridge  have  been  conatructed  in  Japan.    Ihe  construction  of  these 
bridges  were  made  pcaaible  by  the  results  obtained  daring  the  Honshu-Sbikoku  Bridge  Project 
study . 

The  first  wind  resistant  design  criteria,   for  the  Proposed  Honshu-Shikoku  Bridge  was 
developed  in  1967.     The  revised  slope  of  this  design  criteria  was  initiatt^d  io  1972  in 
conjunction  with  a  field  study.    An  analytical  method  based  on  statistical  concepts  for 
buffeting  the  problein  of  suspension  bridges  was  subsequently  adopted. 

The  design  specifications  for  the  Proposed  Honshu-Shikoku  Bridge  11975)  provides  for 
a  design  wind  speed  (V^)  and  a  design  wind  load  (P^)  which  are  computed  by  the  following 
equations: 

for  horlsontal  line-like  structure:         =  Vi*V2*Vio 


4-1 


for  vertical  line- like  structuret  ■   vi*V|*Vig  r-i  ^  cj 


Cot? 


far  .hotleontal  Une-Uke  stmctorei    P.   »   l/2pVL-CL*An'Vk  £  .   o  ^  J 

for  vertical  line-like  structure:      P^^  -   l/2p^*C^<An*V5  ^  ^  i^l  ^ 


idieze,  ^  S 

V^^i  basic  wind  speed  (Vsec) 

Vi  i  wind  qpeed  modification  factor  for  the  elevation  of  the  structure 

V2  t  wind  speed  modification  factor  for  horlsontal  length  of  the  structure 

\>3  :  wind  speed  modification  factor  for  vertical  length  of  the  structure 

»  -4 

p    I  air  density  (Kg-sec  ) 
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C  :     drag  coefficient 

D  2 

An:     exposed  are^  for  unit  length  of  the  structure  (m  /m) 

Vi,:    wind  load  modification  factor  for  horizontal  length  of  the  structure 
Vs:    wind  load  modification  factor  for  vertical  length  of  the  structure. 

TtM  fuudHNnt*!  odRCi^  iiMd  in  this  dMign  criteria  is  to  d«t«niifi*  tiM  wind  ipMd 
aodif ieation  fsotors  and  the  wind  load  nodlf Icatlon  factors  such  that  tha  nagnltude  of  tbm 
lataxal  bending  nonent  of  the  stiffening  trusses  caused  by  the  natural  wind  Is  equal  to 
that  Induced  by  a  uniform  wind.   Thus  analytical  natfaod  is  based  prlnarlly  on  the  statisti- 
cal concepts  prapoeed  Jay  A.  6.  Davenport  in  1962.    HOMaver  only  a  few  euapenslon  luridgee 
have  shown  lateral  vibrations  during  stoxiv  winds «  thus  this  Infcegnen^  has  been  Intro* 
ducad  in  the  analytical  proiseas.    In  order  to  further  substantiate  these  assumptions  field 
observations  on  full  scale  structures  and  wind  tiamel  tests  on  section  nodels*  have  been 
conducted.   A  long-term  observation  system  was  then  installed  on  the  Xamon  Bridge,  in 
order  to  collect  useful  data  and  thus  confirm  the  design  adequecy  of  the  bridge  and  enhance 
the  design  philosoplqr  of  the  proposed  Honshu-Shlkoku  Bridges. 

The  Kanmon  Bridge  and  ite  Aerodynamic  Characteristics 

Tha  Xanaon  Bridge  r  which  was  constructed  over  the  Kanmon  Straits  and  fccms  ths 
KMOMon  BlgbMay-  qowaecte  ShiiHonosekl  city  in  Honshu  and  the  Hojl  District  of  Kitalqriishu  Ci^. 

This  is  the  lJUDgest  suspension  bridge  in  Japan,  and  has  a  center  span  Imgth  of  712  meters 
with  equal  side  spans  of  178  meters  in  length.    The  suspended  structure  carries  six  traffic 
lanes  and  consist!:  of  stiffened  trusses,  nine  meters  deep  spaced  at  29  meters.     The  clear 
height  is  61  meters  above  sea  level  at  the  center  span.     The  cross-sectional  shape  of  the 
stiffening  girder  was  selected  through  wind  tunnel  tests.     The  elevation  of  the  upper  chord 
of  the  stiffening  truss  is  nearly  equal  to  that  of  the  road  surface,  with  three  lanes  at 
the  edge  and  central  part  of  the  road  deck,  constructed  of  open  grid.    These  eaostitute  e 
positive  characteristic  of  the  bridge  relative  to  wind  stability. 

The  loeationf  general  view  and  fundamental  dimension  of  the  bridge  are  ahoim  in  Figs* 
1  and  2  and  vable  1. 

Tha  wind  speed  survey  and  the  wind  tunnel  model  tests  #  were  conducted  in  relation  to 
tiM  iflnd  rulstant  design.    In  the  former,  the  vartioal  ^file  of  the  mean  wind  speed,  and 
the  vertical  inclination  of  wind  were  investigated.    Also  studied  in  detail  was  the  relation^ 
ALp  between  the  wind  direction  and  the  wind  convergence  as  ths  topographical  conditions  of 

the  construction  site  was  nodified.  Asa  consequence  of  this  study,  the  wind  distribution 
was  determined  and  the  basic  wind  speed  was  fixed  at  35.5  m/sec,  which  then  gave  a  design 

wind  speed  as  53.5  w/sec  for  the  stiffening  girder.     In  the  latter,  the  mean  wind  force  end 
wind  stability  of  the  suspended  structure  were  then  examined.    Two  types  of  stiffening 
girder  were  proposed  for  the  suspended  structure  namely,  the  box-stiffened  girder  and  the 
truss-stiffened  girder.     After  prudent  comparison  of  the  wind  stability  for  both  systems, 
the  truss-stiffened  sLispended  structurt  was  adopted.    The  wind  stability,  of  the  final  de- 
sign structure,  is  given  in  Fig.  3  and  Indicates  the  relationship  between  the  angle  of 
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attack  and  the  critical  wind  speed  for  the  torsional  flutter.     The  occurrence  of  the  re- 
stricted oscillation  was  anticipated  by  the  wind  tunnel  test  on  a  main  tower  roodel  under 
construction,  and  tlie  oscillation  was  suppressed  by  a  special  energy  absorption  device. 
The  design  wind  load  for  a  suspended  structure  and  the  main  tower  was  determined  in 
•eoordona*  with  wind  twuwl  tmwt  rvsults. 

Aft«r  oonplfttlon  of  ths  actual  bridge  atmctur«  a  fiald  vibration  tast  was  conducted 
by  use  of  twin  excitozs  and  heavy  trucks.    The  natural  frequencies  and  the  danping  charac- 
teristics obtained  from  the  test  an  given  in  Table  2.    The  observed  frequencies  are  about 
four  percent  less  than  those  calculated, which  suggests  that  the  critical  wind  spsed  should 
be  decreased  by  the  sane  percent.    Though  the  observed  danping  capacity  was  smaller  tlian 
that   ei^ected,  it  does  not  appear  necessary  to  modify  the  critical  wind  speed  by  the 
magnitude,  because  the  observed  amplitude  of  the  oscillation  was  small  convared  to  the 
expected  value. 

Long-term  Cbservatlon  System 

Ijistrvmisntatian  and  data-recording  system*  designed  to  monitor  and  record  wind 
speed  and  direction  as  well  as  earthquake  tremor  and  to  indicate  their  effect  on  the 
structure  f  has  been  provided  by  the  Japan  Highway  Oozporation.    The  location  of  these  in- 
struments are  diown  in  7lg.  4  and  Table  3.    The  characteristic  features  of  the  system 
are  (1)  a  large  member  of  instruments  are  provided,  (ii)  the  system  is  immediately  avail- 
able to  record  and  monitor,  and  (iii)  a  digital  signal  is  used  in  the  transmissionf  in 
order  to  increase  the  accuracy. 
(1)  Transducers 

(a)  Propeller  type  anemotneter :     Four  anemometers  wez'e  positioned  on  the  top  of 
poles  located  on  the  bridge  deck,  and  used  for  observing  the  horizontal  distribu- 
tion of  the  wind.    One  anemometer  was  installed  at  the  top  of  the  main  tower 

and  used  as  reference. 

(b)  Sonie  ansmemstsn   One  set  of  three-component  sonic  anemometers  was  located 
at  the  mid^point  of  the  main  span  and  used  fot  observing  the  wind  inclination 
angle. 

(e)  Servo-type  acoelerometen    Servo-type  aecelerometers  of  high  fideli^  were 
positioned  at  the  mid  and  quarter  points  of  the  center  span.    One  element  mentioned 
the  horisontal  oooponent  and  the  other  two  elements  the  vertical  component,  at  each 
point. 

(d)  Displacsmentmeter:    Using  an  optical  device,  botii  horisontal  and  vertical 

motions  of  the  stiffening  structure  were  detected. 

(e)  Others:    Transducers     used  for  earthquake  detection  were  placed  on  the 


(2)  Data  transmission  system 

The  output  data  are  digitized  by  .i\jialou'-to-Diqital  convur tors  near  the  transducers 
and  are  transmitted  1.5  kilo-meters  to  the  data  processing  system  located  in  the 
adninietratlen  office. 


structure,  but  are  not  described  herein. 
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(3)  Data  pcooeaslng  ^fstem 

A  data  pEocwslng  ayataai  mqutggmA  a  ainl-oonipnter  otdltiarily  parfomu  tha  nonitor- 
Ing  and  racoida  th«  data.  When  th*  wind  apaad  asoeeda  a  praaat  level »  Uie  acquisition 
ayatem  autonatieally  atairta  and  the  data  is  atored  on  mgnetie  t^paa. 

Claaarved  Data  and  Diacuaeion 
Wind  Characteriaticg 

She  cbaervatlon  ayatem  waa  aet  into  ctperation  in  April  1974.   M  atrong  Qp^iobiw  hava 
not  been  in  tha  ara  thua  far,  only  a  fev  reoordinga  at  low  wind  conditiona  ware  obtained. 
Wind  cteaxactariatica  have  been  aaaained  in  ord«r  to  OGavare  the  real  wind  diatribtttion 
with  that  VKp«cted.    Fig.  5  indicated  a  trace  of  the  wind  apaed  and  the  direction,  at  four 
stations.    From  this  information  statistical  data  such  as  mean  wind  speed  and  stcutdard 
deviation  are  calculated  as  shown  in  Fiq.  G  which  qives  the  variation  of  the  wind  with  time, 
A  set  of  power  spectral  density  is  given  in  Fig.  7,  from  which  the  characteristic  featurea 
of  the  approaching  wind  is: 

(1)  The  turbulence  intensity,  gust  factor  aad  power  spectral  density  of  the  wind 

agree    well  with  those  obtained  previously  in  the  past,  with  a  noticeable  effect  of 

wind  convergence. 

(3)  Ihe  horisontal  distribution  of  the  wind  apeed  mw  oboerved  on  the  dedc  and  is 
alfloat  unifom,  with  a  aaall  deviation  of  1  Vmc.    Ihe  mean  wind  direction  ia  nearly 
equal  for  each  station.   However r  instantaneous  wind  apeeds  and  direotions  fluctuate 
so  violently,  that  oross-oorralation  of  the  wind  apeed  rapidly  deeraaaea  with  an 
inoreaae  in  the  distance  between  stations.    According  to  the  cross-corralation  coeffi- 
cient of  wind  speed  as  dwwn  in  Fig.  8,  the  wind  apeed  has  a  atzong  oorrelatien  with 
the  ananometare  set  at  20  aieters  apart,  but  has  a  weak  correlation  for  'those  Batars 
which  are  180  maters  apart. 

(3)  Aooording  to  the  topograi^hioal  model  tests,  the  vertical  inclination  of  tha  wind 

at  the  straits  varies  with  the  principal  wind  direction.     Por  instance,  the  S-W  wind, 
which  comes  from  Mt.  Hinoyama  (EL.  26fi  m) ,  has  an  angle  of  inclination  of  3  degxeea  at 

the  Shinonoseki  side,  with  the  N-E  wind  showing  a  negative  angle  on  that  side. 

The  recordings  of  the  sonic  anemometers  at  the  east  side  of  the  bridge  deck  showed  a 

positive  angle  for  both  the  E-SSW  wind  and  the  E-NNE  wind. 

Response  o£  the  Stiffening  Girder 

In  order  to  better  understand  the  behavior  of  the  suspended  structwire  when  subjected 
to  wind,  a  flotion  picture  waa  made  by  a  ooaputer  output  microfilming  system.   This  notion 
picture  showed  that  tha  bridge  vibrated  randomly  in  vertical  bending,  torsional,  and 
lateral  bending  modes  with  the  vertical  bending  mode  being  dominant*    Fig.  9(1)  through 
Fig.  9(5)  shows  the  power  ^ectral  density  of  the  acceleration  for  each  mode,  and  Fig.  9(6) 
and  Fig.  9(7)  diaplacement  mode,    in  Fig.  9(1)  and  Fig.  9(2)  the  natural  fraqueneiea  are 
indicated,  idiich  were  obtained  by  forced  vibration  teat.    Itaese  frequencies  coincide  with 
the  peak  frequencies  of  the  power  spectral  denaity  curve.    However,  tbm  peak  fraqueneiea 
of  the  latwml  bending  vibrations  are  smaller  than  the  calculated  frequenciea  using  tiie 
Ellis*  method.    It  waa  determined,  frm  tiie  acoaleration  record,  that  the  response  vibxa- 
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tion  of  the  suspondod  structure  is  random  in  character  and  the  lowest  mode  of  either  sym- 
metry or  2mtisyiwr.ctry  is  dominant.     According  to  the  powex  spectral  density  of  the  displace- 
ment the  contribution  of  tlie  higher  mode  of  vibration  is  smaller  than  the  lower  mode  of 
vibration.    It  may  be  said  that  the  vibration  with  the  lowest  mode  is  important  not  only 
for  the  flutter  phenomena  hot  for  VtM  goat  reapooM  problen. 

WiJid  speed  and  Structural  Response 

Tn  Fig.   10  and  Fig.  11  the  origi.-ial  trace  of  the  wind  speed  and  the  sturctural  response 
is  given.     The  structure  starts  to  vibrate  at  a  wind  threshold  level  during  the  combined 
vertical  and  lateral  bending  mode  and  is  random  rather  than  sinusoidal.    The  rr.ai;riitude  of 
the  vibration  seems  to  depend  on  the  wind  speed  level  rather  than  on  the  wind  turbulence 
level*  and  irltli  an  ineraaaa  in  tha  vind  speed  the  lowaat  Boda  of  the  vibration  becomea 
doBiinant. 

FI9.  11(1)  shows  ej^xinental  and  analytical  mean  and  the  standard  deviation  of  the 
lateral  displaceaant  at  midpoint  of  the  oantar  span  in  relation  to  the  transverse  oomponent 
of  the  nean  wind,    the  analytical  nethod  that  was  used  is  the  same  as  reported  at  the  last 
Joint  Heeting.    According  to  Fig.  11,    the  Observed  values  coincide  qualitatively  with  the 
theoretical  value  but  the  observed  Bangitudes  are  snaller  in  comparison  to  the  theoretical 
values.    Ibis  indicates  the  necessity  to  reexamine  the  wind  characteristics  (spatial  dis- 
tribution, power  spectral  density  of  Wind),  structural  characteristics  (natural  frequency, 
daaplng  ci^city}  and  tiie  aerodynamic  response  characteristics  (aerodynamic  admittance, 
aerodynamic  danping) . 

Cqncludina  Bsmarks 

The  main  part  of  this  work  has  been  concerned  with  the  lamination  of  data  collected 
by  a  long-term  observation  system,  in  %ihich  only  a  few  samples  of  data  have  been  obtained. 
The  primary  analysis  of  this  minimum  data  indicates  the  following; 

(1)  The  observed  wind  characteristics  (power  spectral  density  of  wind  speed,  turbulent 
intensity,  and  gust  factor)  are  similar  to  those  observed  previously.    The  horizontal 

distribution  of  the  wind  spood  and  the-  direction  is  nearly  uniform,  however,  the  wind 
convergence  at  the  straits  has  not  been  confirmed.    The  wind  inclination  data  shows 
that  reverse  characteristics  in  comparison  with  wind  tunnel  experiments,  thus  indi- 
cating a  detailed  survey  is  necessary. 

(2)  During  the  field  studies  no  information  of  the  flutter  problem  was  obtained, 
ttowever,  some  response  characteristics  of  the  suspended  structure,  against  natural 
wind,  were  obtained.    It  was  found  that  the  structure  vibrates  randonay  and  that  the 
higher  mode  eomponrats  as  well  as  Icwer  mode  ones  are  included  in  the  power  spectral 
densi^  of  acceleration  but  the  loweat  mode  is  dosiinant  in  displaceoifiit. 

(3)  ttiB  obaarved  vibrational  displacaoMnt  shows  the  same  tendency  ufaen  compared  to 
the  calculated  values  based  on  Davenport's  method,  but  does  not  agree  quantitatively. 
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Table-3    InscruBents  for  long  tem  observation  system  at  Kanmon  Bridge 
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Fig.-l    Map  of  the  Kanmon  Straits 
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Fig. -3  Tha  aarodyiMiBlc  eharaetttrlstlet 
of  cha  XAfiaon  Bcidga 
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UILINGr  LOQZSIANIL  CKBOnSXhYEO  BBIDGB 
WniD  VmNBL  SBCTXON  NODBL  TESTS 

by 

Richard  H.  Gade 
SiKMarch  General  Engineer 
Office  of  Research 

and 

Walter  Podolny,  Jr. 

structural  Engineer 
Office  of  Engineering 

and 

Harold  R.  Bosch 
Structural  Research  Engineer 
Office  of  Research 

Federal  Highway  Administration 
WaehingtcMif  D.  C. 

ABSTRACT 

Results  of  wind  tunnel  section  model  tests  of  five  orthotropic  superstructure  config- 
urations for  the  Lulinq,  Louisiana,  Cabls-stayed  bridge  ar^  prpssr.tftd . 

The  1,235-foot   (376.-''.  meters)   long  main  span  crossing  of  thp  Mississippn  River  is 
designed  for  150  miles  per  hour  (67  meters  per  .second)  hurric-fine  wind  velocity. 

The  section  models,   1/60  scale,  are  tested  at  six  wind  angles:     -4°,  -2",  0°,  2",  4*, 
and  6*.    Flutter  coeificients  are  plotted  for  all  tests. 

The  tests  show  freedom  frost  flutter  at  the  design  wind  speed,    vortex  excitation, 
vertical  and  torsional r  is  eidiibitsd. 

Testing  Is  perfomed  in  smooth  flow  conditions  at  the  Fairbank  Highway  Research 
Station  of  the  Federal  Highway  Administration,  utilising  the  George  S.  Vincent  Wind  Tunnel. 

Key  Words t    Bridge,  cabled  stayed,  wind  tunnel,  models,  displacements,  flutter,  <wind 
anglss. 
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Intrediiction 

Reoant  bridge  structures  have  incresssd  dinsnsions  and  flsxibility  and  dtcraaaad  daad 

iMigfat  and  daaipl»9  characteristics.   Reduction  of  dead  weight  produces  a  aiagnifloation  of 
wind  effects  relative  to  the  inertia  of  the  strticture.    Increased  flexibility  decreases  the 
natural  frequency  of  vibration.    Modern  fabrication  techniques  have  decreased  the  structuie^ 
ability  to  absorb  pneray  by  r-- 1  i ci { n g  friction  between  component  parts  and  thus  less  energy 
is  required  to  initiate  and  maintain  vibration.    As  a  result,  recent  structures  are  be- 
coming more  senaitive  to  not  only  static  wind  effects  but  dynamic  ones  as  well.     Some  ex- 
isting and  relatively  recent  structures  have  been  so  affected  by  wind  oscillations  that  they 
have  required  reinforcement  or  modificatiuji  by  fiiiring. 

The  assessment  of  dynamic  deflections  and  oscillations  of  long-span  bridges  due  to 
wind  aotlon  usually  resorts  to  a  wind  tuxuiel  nadel  test.    This  is  partieolarly  so  fbr  the 
traditional  trues  stiffened  suspension  bridge.    Hie  cable-stayed  boi^girder  bridge  whidi  is 
currently  receiving  popularity  by  designers  in  the  united  States  is  8dbject«  fandaBHntally« 
to  the  sane  wind  excitation  nechaniam  as  the  traditional  suspension  bridge.    The  inherent 
general  increase  in  stiffness  of  the  cable-stayed  box-girdar  does  place  it  in  e  different 
realm  of  response. 

This  paper  will  present  data  gathered  fzoni  nodel  studies  oooduetsd  by  Htm  Federal 
Hifj^may  Adsiinistreticn  (FHm)  on  the  Luling,  Xouisiana  cable-stayed  bridge. 

Wind  Force  and  Angle  of  Attack 

Hind  force  on  an  object  is  noraally  not  in  line  with  tbe  direction  of  tiie  wind.  In 
conventional  aerodjrnanic  analysis^  i.e. r  airfoil  desigur  wind  force  is  divided  into  tuo 
oavonentst  drag  and  lift,  parallel  and  perpendicular  to  the  wijid  direetioo.  This  same 
eenvrntien  may  be  applied  to  •  bridge  deck  wherein  the  reeulterot  wind  is  oriented  to  tiie 
structure  by  the  angle  of  attack  a,  positive  when  striking  the  section  from  the  underside. 
It  is  convenient  in  cons id«ring  wind  effects  on  bridqe  structures  to  consider  lift  being 
perpendicular  to  the  normal  cross-sectio:;  {:'Osition  ui  the  bridge  deck. 

Tn  the  evaluation  of  wind  forces  on  a  structure  there  is  a  concern  for  the  determin- 
ation of  the  possible  direction  of  critical  wind  velocity.     In  plan  it  is  generally  assumed 
that  the  critical  wind  direction  is  perpendicular  to  the  longitudinal  axis  of  the  bridge. 
An  obviooB  qosstlon  arises  as  to  what  mbxIbb—  value  of  the  angle  of  attaekf  a,  should  be 
considered  on  the  deck  cross-section.    She  angle  of  attack  is  a  function  of  wind  velocity 
and  site  conditions.    Prelininary  data  for  the  relationship  between  aaxinun  obssrved  angle 
of  attack  and  wind  velocity  obtained  by  the  FiMA  at  the  Newport «  Miode  Island  Suspsnsion 
Bridge  over  Naragansett  Bay  (Pig.  1)  provided  neaeurenents  of  ttie  mean  vertical  wind  angle 
for  a  range  of  wind  qpeed  recorded  for  Hurricane  "Doria".    Pom  these  curves  it  con  be  seen 
that  the  angle  of  attack  decreases  with  increasing  wind  speed r  thus,  at  lower  wind  speeds 
the  structure  anist  be  stable  for  larger  values  of  angle  of  attack.    She  curves  shown  in 
Fig.  1  may  serve  as  a  guide  but  may  not  necessarily  be  applicable  to  other  sites  and 
possibly  nay  iapose  unnecessary  constraints  to  the  analysis. 
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Lollng  Bridge 

JUioA  tuiin«l  tests  are  being  conducted  on  It 60  scale  section  models  for  the  proposed 
bridge  deck  superstructure  cross-section  shapes  of  the  Luling,  Houlsianar  cable-^stayed 
bridge  over  the  MiasisBlppl  River,    itiese  tests*  still  in  progress r  are  being  conducted  at 
the  FHNH'a  Falrbaak  Highway  Research  Station,  HeLean,  Virginia,  using  the  low  speed,  smooth 
flow,  6  ft.  by  6  ft.  open  jet,  George  S.  Vincent  Memorial  Wind  Tunnel  facility. 

The  e3Q>eriraental  procedure ,  Fig.  2,  suspends  the  essentially  rigid  model  by  four  equal 
springs  at  each  corner  of  the  end  supporting  brackets.    End  plates  are  employed  so  that 
the  air  flow  near  the  end  of  the  model  is  two-dimensional.    The  models,  five  feet  in  span, 
are  scaled  by  the  Froude  Number  Criteria  for  mass  property  and  vertical  natural  frequency. 
Due  to  practical  limitations  of  simulating  the  relatively  high  prototype  torsional  cheurac- 
teristics,  values  of  polar  mass  moment  of  inertia  and  torsional  natural  frequency  do  not 
achieve  Froude  Scaling. 

The  behavior  of  denped  spring-mass  system  is  dependent  on  the  value  of  the  dating 
coefficient.   A  specific  value  of  structural  daniplng  for  a  proposed  bridge  structure 
(which  for  practical  purposed  is  Inpossible  to  obtain)  is  difficult  to  assign,  and  conse- 
quently, so  is  the  value  for  a  model  system.    The  section  model  testing  is,  therefore, 
treated  as  a  method  of  extracting  aerodynamic  information  ufaich  can  be  used  analytically 
with  any  selected  value  (or  values)  of  prototype  structural  damping.    Thereby,  the  need  for 
adjusting  the  model  system  to  a  specific  value  of  structural  damping  is  avoided.    The  testa 
are  conducted  with  the  values  of  mechanical  danping  eidiibited  by  the  freely  oscillating 
model. 

Seven  superstructure  configurations  are  considered,  all  having  a  center  line  nedian 
barrier.     A  typical  section  model  of  the  double  trvif ^ :-.r  i;!! l  box-cir:!c>i   icsiirn  with  an 
orthotropic  deck  is  indicated  in  Fig.   3.    The  same  section  model  modified  by  a  slanted,  non- 
structural, fascia  plate  is  shown  in  Fig.  4.     Initial  wind  tunnel  tests  suggested  that  this 
"faired"  cross-section  would  exhibit  a  marked  improvement  in  aerodynamic  response.     A  sec- 
tion model  of  a  multi-cell  steel  box-girder  of  a  "streamlined"  cross-section  is  shown  in 
Fig.  5. 

%e  aerodynamic  information  obtained  from  the  section  model  tests  is  in  tiis  form  of 

2 

flutter  derivatives,  following  the  procedure  and  linearised  treatment  of  Seanlan  and  Toadco. 
The  mathematical  model  for  lift  and  torsional  moment  are  indicated  in  Eg.  (1) . 


(1) 
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Hti«r«     a  ■  angular  displacement 

B  =  deck  width 
*  * 

H^r  "  nondimensional  coefficients  dependent  upon  K  (i=l,2,3) 

»  damping  ratios  respectively  in  vertical  an4  torsional  notions  of  the 

free  bridge 

u^,  u)^  «  corresponding  natural  frequencies 

PI*  I  ■  mass  and  mass  noment  of  inertia  of  the  deck  per  unit  span^  referted 

^  to  the  elastic  axis 

h  "  vertical  displacement 

p  =  air  density 

V  *  wind  velocity 

K  =  Bid/v  or  "reduced  frequency" 

(0  ■  circular  frequency  of  oscillatory  motion 


The  Xttling  Bridge  models  eidilbited  uncoupled  response  notion,  therefore*  only  the 

K^,        and        stability  derivatives  arc  applicable.         is  the  function  for  aerodynamic 
damping  of  vertical  oscillation*       i:^  indicative  of  torsional  aerodynamic  damping  and 

is  the  measure  of  change  is  torsional  frequency  bettieen  aerodynamic  damping  and  mechan- 
ical damping. 

Six  wind  angles  varying  from  -4°  to  +6"  and  increments  of  equivalent  prototype  wind 
speed  to  160  mph  were  investigated.     The  experimental  values  for  the  respective  derivatives 
are  plotted  as  functions  of  reduced  velocity  Cv/tJB)  wivich  may  be  considered  as  a  non- 
dimensional  frequency. 

*      *  * 

An  esample  of  the  test  results  are  shown  in  Fig's.  6  through  S  for  S^,       and  A^.  The 
test  results  illustrated  are  for  model  C-SC-A  at  zero  wind  angle. 

All  model  shapes  showed  freedom  from  self-excited,  divergent*  vertical  flutter  oscil'- 
latlon.    Torsional  flutter  occu      at  wind  speeds  well  above  the  design  value  of  ISO  nphr 
or  at  unlikely  wind  angles.    However*  all  models  responded,  variously*  to  vortex  Sledding 
response.    This  is  an  amplitude  limited  response  wherday  the  periodic  shedding  of  vortloies 
in  the  wake  of  the  structure  is  resonant  with  the  vertical  and/or  torsional  modes  of  the 
structural  systen.    This  amplitude  United  oscillation  can  be  m  unacc^table  characteristic 
of  the  design  when  it  occurs  at  nu^derate  wind  speeds  and  the  resulting  acceleration  of  the 

oscillating  structure  is  disturbing  to  the  user. 

A  small  scale  (1:150)  sectional  representation  of  the  cross-section  scheme  C-2C  was 

placed  in  an  air  flow  containing  smoke  filaments  for  purposes  of  flow  visualization.  Flow 

separation  tripped  by  the  leading  parapet  railing,  and  again  by  the  median  beurrier  is 

illustrated  in  Fig.  9(a).     Fig's.  9(b)  and  (c)   capture  the  trailing  vortex. 

An  estimate  of  the  prototype  response  to  vortex  shedding  is  provided  by  data  from  the 

3 

model  tests.    As  suggested  by  Scanlan  *  the  analytical  model  for  the  hcsngeneous  self- 
excited  condition  of  "flutter  methodology"  is  modified  by  providing  a  ^>ecial  periodic 
forcing  function  applicable  at  the  Strouhal  or  vortex  exciting  condition.    For  the  case  of 
purely  vertical  response  motion,  the  test  observations  provide  a  derivative*  R^,  charac- 
terizing the  decay  from  an  amplitude  greater  than  resonance  to  the  steady-state  resonant 
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aroplitude,  amd  a  dynamic  lift  coefficient  C    ,  Eq.   (2).    With  these  coefficients,  and  a 

LO 

selected  value  of  prototype  damping,  a  conservative  estimate  of  prototype  behavior  can  be 
calculated,  when  100%  lateral  coherence  of  vortex  exciting  wind  flow  is  assumed. 


11  +  2 


+  Cj^sinu^t 


(2) 


h  avMBary  of  «he  test  results  for  three  conparative  models  is  ataown  in  Fig 'a.  10 

through  12.    She  oscillating  response  characteristics  of  the  section  shape*  referred  to 

equivalent  prototype  wind  speed,  and  for  wind  angles  of  attack  are  plotted.    The  shaded 
bands  show  the  "locking  in"  range  of  wine!  speed  over  which  vortex  excitation  takes  place. 
The  natural  wind  angle  boundaries  are  for  the  Severn  Bridge  reference  data*  and  for  the 
recorded  data  on  the  Newport,  Rhode  Island  suspension  bridge. 

For  th&  same  sections,  an  eati£iaticii-i  of  the  double  amplitude  response  of  the  proto- 
type Structure  to  vortex  induced  oscillations  have  been  calculated  and  plotted  in  Fig's. 
13  through  15.    The  ordinate  scale  is  critical  damping  ratio.    The  abscissa  scale  is  ieet 
of  doiAla  aaplituda  at  center  of  apan  «rith  aasoaiatad  ▼aim  of  root  vesA  sqpiare  g's  of 
aooeleration. 

Closure 

As  a  result  of  innovations  in  structure  concepts,  sophisticated  fitruL.-tiral  analysis, 
materials,  fedjrication  and  erection  procedures,  recent  bridge  structures  are  becoming  more 
aanaitive  to  not  only  static  wind  effects r  but  dynanic  ones  as  well.    As  a  fxmseqiiftnoor 
wind  forces  have  taken  on  an  increased  ia^rtanee  and  significance  and  can  be  «  najor  pro- 
bl«n  in  cable^sqpported  bridge  systems;  serious  consideration  of  these  forces  is  required 
by  the  designer. 

Nhile  BDst  prebleBs  of  bridge  stabili^  resulting  froa  wind  forces  are  reeognised,  the 
aogvdsltion  of  data  for  new  designs  in  the  wind  tunnel  is  nandatory  to  produce  adequate 
Wind  stAbillty  iaf^naation  to  enhance  their  design.   At  the  present  tine  there  is  no 
purely  analytloal  Methodology  to  preclude  wind  tunnel  testing. 

Data  has  bam  preaented  on  current  or  on^going  studies  of  the  aerodynaaics  of  selected 
structures.    Ihe  method  employed  of  extracting  the  aerodynamic  derivative  data  from  test 
results  places  no  A  Priori  restriction  on  thu  frequencies,  damping  value,  or  inertias  em- 
ployed in  the  section  model  although  it  is  suggested  that  highly  unliXely  values  not  be 
used. 

It  is  important  to  note  that  while  the  validation  of  stability  of  the  cornFletod 
structure  (for  ei^ected  wind  speeds  at  the  site)  is  mandatory,  it  does  not  necessarily 
iaply  the  Bost  critical  atabili^  condition  of  the  structure.    A  more  dangerous  condition 
may  be  during  erection  when  full  connection  of  the  joints  may  not  have  been  established  and 
thus  full  stiffnaas  of  tJie  structure  is  not  achieved,  the  frequencies  are  lower  than  in  the 
final  atate  and  the  ratio  of  torsional  frequency  to  flexural  frequency  appvoadhes  unity. 
Hie  use  of  welded  oooponents  in  towers  has  contributed  to  the  susceptibility  of  tower  vi- 
bration during  ereotion. 
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OQMpo»«nt  p*rt«  of  the  8tr«etiir«  mm  «lao  in  thcnsttlves  susoapUbl*  to  wind  Mcoitation. 
The  oalbaa  of  oabl«-atay  bridgaBf  tha  hangara  of  auapaaaion  bridg<M  and  arch  taridgaa,  and 
tb»  towara  of  auapanaioo  and  cabla-atay  bridgaa  hava  baan  known  to  praaant  peoblanat  oaually 
fzoB  vortoc  excited  vibrationa. 

Consideration  as  to  an  acceptable  Xeval  of  notion  falls  into  two  catagories:    I)  struc- 
turally damaging  motion  and  2)  human  response  motion.    The  first  relates  to  violent  motion 
that  may  be  catastrophic  and/or  motion  that  over  a  period  of  time  may  lead  to  fatigue  re- 
lated failures.     The  second  relates  to  motion  that  may  not  be  structurally  damaging  but  may 
be  objectionable  frcnn  the  stand  point  of  user  acceptance,  i.e.,  vibration  that  is  noticeable 
to  pedestrians  or  occupants  of  standing  or  moving  vehicles. 

A  great  amoimt  of  research  needs  to  be  expended  to  study  the  atabxlity  of  bridges  of 
new  designs,  to  develop  oriteria  to  rectify  exieting  bridges  that  are  or  nay  beocne 
troublaeana  froa  a  wind  atability  point  of  viaiTr  >nd  to  develop  adequate  proooduree  sudh 
that  deaigDara  em  produce  stable  designs  at  tha  conception  of  a  bridge  or  at  least  to  aini- 
■ise  Ilia  probability  of  unatablanaes. 

h  neoessaxy  pcereqvieite  to  any  attempt  at  developing  design  criteria  and/or  predictive 
tachniqnea  titiat  %fill  produce  a  reasonable  confidence  level  of  aerodynanic  stability  for 
varioua  croas-saetlona  in  uaa  or  oonta^lated  and  tlia  aceanodation  of  tha  vagarlaa  of  tiie 
natural  wind  will  require  ajctanaiva  additi(»ial  field  and  laboratocy  work. 
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Luling  Bridge  Section  Model  C-2C-A 


Fig.  4 
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THE  BEGiaSAL  DISTRIBUTION  OF  THE  EMtTHQUAKB 
OMIGBR  IN  JAPiUf 


by 


S.  Hattorl,  XitagoMm  aoid  C  Santo 
Uitemational  Tnstitiit«  of  Saimology 


and  Earthquake  Engineering 
Building  Research  Institute 
Ministry  of  Oonstrxietlon 


ABSTRKCT 


The  values  of  a  and  log  k  In  Ishimoro-Iids's  statistical  Fornuls  srs  dsrlvsd  for  sach 
coiponant  of  tho  aaxlMiiii  dlsplacsmsnt  anplltuds  observsd  at  nany  stations  of  ths  notaiDrk 
■aintainad  by  the  Japan  Meteorological  Agency  (jna)  . 

h  distribution  nap  of  opacted  aaxiwiw  dlspXacsnent  amplitudes  for  the  eortliciuake 
recurrence  period  of  100  years  is  nnde  based  on  the  derived  values  of  m  and  log  fc.    The  aap 
indicates  quantitatively  the  regional  distribution  of  aarUiqaaJn  danger  in  and  around  Japan. 
It  is  seen  from  t&is  mp  that  the  general  level  of  the  earthquake  danger  varies  throughout 
Japan.    This  variation  is  also  found  to  reflect  the  pattern  of  seismio  activity  throughout 
the  area.    The  earthquake  danger  inereasea  along  the  Pacific  side  of  HCkkaido,  Tohoku  and 
Xante  districts  and  decreases  in  the  southwestern  and  inland  areas  of  Japan.    Small  varia- 
tions are  also  tr^^cognized,  which  might  suggest  that  the  eerthqoeUce  danger  is  affected  by 
local  geological  and  subsoil  effects. 

Key  tfords:    Earthquakes;  Earthquake  Distribution;  Field  Data;  Frequency  Haps;  Ground 
Displsesmsnt;  Japan. 
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Data  and       Nathod  of  Jkaalyala 

the  data  wara  obtalnad  from  th«  monthly  zaporta  of  JMA  (Japan  NataozologlGal  Aganoy} 
froB  Jan.  1967  to  Jan.  1972*  whloh  givo  tha  ralavant  InfoKMitlona  on  a  alagla  aazthvMtka 
racordad  at  a  partioular  atation.   the  data  aza  zaoordad  on  earda  fee  aaeh  atatioOf  witli  tha 
mnbar  of  cards  for  caoh  yaar  as  liatad  in  Table  1.    llMae  data  are  then  tranafezred  to  and 
•torad  on  magnetic  tapes. 

Selsmlctty  in  a  certain  area  can  be  measured  by  a  well-known  coefficient  b  in  a  fonnola 
of  log  N  =  a  +  bM,  in  which  N  is  the  frequency  of  the  occurrence  of  earthquake  with  nangi* 
tudes  of  M  +  Am,  where  a  and  b  are  constants. 

In  addition  to  this  equation  another  useful  formuLa  has  been  derived  by  M.  Ishinoto  and 
K.  lida,  and  is; 

nWan  -  lA'"dA  (1) 


ahare  n(A}  la  tha  naabex  of  aazthqoakaa  with  Baxiaai  diaplaoanant  aoplitnda*  A  ±  dh.  Hie 
tMo  oonatanta  ■  and  k  in  aqnatloa  (1)  have  often  been  ealealated  by  neana  of  tha  laaat 
aquazaa  nathod.    Kacantly  T.  Dtau  [1]  baa  raported  that  tha  ooafficlenta  In  aqwtion  (1)  fian 
be  ealoulatad  with  hig^  aoouracgf  by  maana  of  the  maximaa  likallhood  aathod  aa  «(peaaaed  In 
tiM  folloHlng  fonmla* 

m  ■    ^  ...        +  1.0 

togAj-SlogAj  W 


when  s  dmotaa  tha  total  nurisar  of  data  uaad  and      la  tha  1-th  BBXimi  dlaplacaoMnt 
aaplltuda  with  tha  ecdw  noalbar  1  from  tha  lazgaat  value  and      la  tha  laaat  value  of  tha 
■aximum  displacement  amplitudes  in  the  data  used. 

The  value  of  tha  coefficient  k,  or  log  k,  can  be  calculated  ftoat  the  following 
fomula) 

Logk  *logN(A^Aj)  +  log(m  •  l)  +  (in  •  l>logAj 

whaza  H  danotea  Vh»  total  xraatier  of  naxlwun  dlaplaovoent  aaplitudaa  whidh  aneeed  the 
aalaetad  level*  A^. 

It  must  be  noticed  that  the  values  of  m  and  log  k  are  dependent  on  the  value  of  . 
For  instance,  if  too  small  value  is  selected  for  A^,  the  number  of  data  which  may  be  uaad 
becomes  smaller  than  the  actual  number  owing  to  the  limitations  in  the  ability  of  observa- 
tion and  reading  of  records,  which  leads  to  situations  which  underestimate  the  value  of 
m.    TaOtlng  this  into  account,  the  data  that  was  selected  satisfied  equation  (1)  for  calcu- 
lating m  and  log  k  at  each  station. 
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Numerical  Analysis 

In  the  present  study,  the  values  of  m  and  Inq  k  were  calculated  from  the  data  iie;ing 

three  coiriponetits  N-S,  E-W  eaid  U-D,  and  resulLanti;  a.t  109  juLatioua-     In  I'icjs.  1  and  2, 

the  relationship  of  (1)  cumulative  frequency  N  versus  log  A  and  (2)    N  versus  log       for  the 
for  tSitt  range  of  log  A^  »  0.1  to  3.0,  are  ahoMn  for  stations,  Kikone,  okayama  and  Tokyo. 
TlM  total  niadwr  of  the  naximim  divlacownt  ai^litudM  for  tba  M«>S  canpoiwnt  giv«n  in 
Pig.  1(a),  is  443.    Because  data  in  the  range  of      «  0.1  to  1.0  is  raall,  the  values  of  m 
for  this  range  are  not  constant  and  thus  were  not  used*    The  trend  of  the  variable  n  rela- 
tive to  B^H,  U^D  and  the  resultant  cosiiionents,  has  similar  trends  when  conpared  to  the 
N-S  coafionent.    Cmsequently  in  the  present  paper,  the  average  value  of  m  and  the  standard 
deviation  were  all  calculated  froni  the  data  using  the  H-S  coovonant,  using  tentative 
values  at  each  station  in  the  range  of  log      ■  1.0  to  2.0  at  intervals  of  0.1.    The  average 
value  of  log  k  and  the  standard  deviation  tiere  then  calculated  using  Bq.  <3).    The  average 
values  of  n  are  shown  by  small  open  circles  indicated  by  arrows  in  figures  1  and  2  and  as 
seen  in  Figs.  1(a)  an:!  Kb)   the  trends  are  quite  siailar  at  Hikone  and  at  Okayama. 
Examination  of  the  Tokyo  Station  data  shown  in  Pig.  2,  however,  is  quite  different.  In 
this  case,  the  values  of  m  do  not  converge,  even  for  a  range  of  log       beyond  1.0.  Quite 
reasonably  for  this  case,  the  values  of  the  cumulative  frequency  distribution  N  does  not 
show  a  linear  relationship  relative  to  the  log  A.    Average  values  of  m  and  log  k,  at  this 
station  have  much  larger  standard  deviations  than  in  other  cases.    In  Table  2,  examples  of 
the  values  of  n  and  log  k  and  their  standard  deviations  are  listed  for  all  109  stations. 
In  this  Table  m,  n2  and  ir3  respectively  means  the  total  nunfber  of  data,  the  nuoiber  of 
data  for  log  A  ^  1.0  and  for  log  A  ^   2.0.    Fig.  3  shows  the  differences  betwe«i  the  values 
of  m  and  log  k  for  differtmt  oooponents  at  apprt»cimately  60-  stations.   As  can  be  seen  from 
this  figure,  some  stations  have  a  value  of  m  equal  to  1.2  or  1.4.    These  exceptional  anall 
values,  however,  were  due  to  an  insufficient  nunftter  of  data.    EsaaiinatiMi  of  the  calculated 
values  of  m  and  log  k  using  different  oonponents,  showed  that  there  was  indifference  from 
station  to  station,  as  mentioned  previously. 

Pig.  4(a)  shows  the  regional  distribution  of  the  parameter  m  calculated  from  the 
data  on  N->&  components ,  iriiila  in  Fig.  4  (b) ,  the  distribution  of  m  occluding  those  of 
values  of  m  less  than  l.S.    As  can  be  seen  in  Fig.  4(b),  the  stations  at  which  large  values 
of  a  were  observed,  tend  to  be  distributed  near  the  most  active  violent  seismic  zones  in 
Japan.     These  re^gion?5  ar°  alor.q  the  Pacific  coast  from  Kokkai-^n  an^-^  from  Tohrt)ni  through 
the  northern  part  of  Kanto  down  to  the  southern  parts  of  Chugoku  and  Kinki  districts. 
Another  large  zone  where  m  is  larqe,   is  the  Jaoan  Sea  along  the  Chubu  district.     The  loca- 
tions of  the  various  districts  and  stations  are  shown  in  tig.  5.    The  general  tendency  of 
the  distribution  of  m  have  been  found  to  oolnelde  with  the  regional  distribution  of  b-values 
which  wsre  published  previously  [3] .    The  distribution  of  log  k  parameter  is  shown  in  Fig. 
6. 

The  frequency  T  (in  years] ,  irtien  the  stations  experience  a  maximom  displacement 
amplitude  in  a  certain  period,  were  calculated  using  the  values  of  »  and  log  k  as  follows » 
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Retailing  that  Bq.  (1)  ahows  that  tha  variabla  k  glvaa  tha  fraquaney  of  tha  ahoek  and 
tha  dlaplaoanant  aaipXituda  &  of  1  niercn  at  a  cartain  station*  whara  tbi*  fraqqancy  ia 
oonaidacad  to  faa  pcopoetlonal  to  tha  parlod  of  tha  obaaxvation.    ibidar  aadh  an 
tha  valoa  of  k  for  tha  parlod  of  T  yaara  can  ba  axtr^polatad  by  ualng  tha  following 
formilai 


where  X,.  means  the  value  of  log  k  for  61  months,  thin 
ol 


l«Sk>k|,  +loga2T/61) 


and  for  thla  pi|par#  tha  valoa  of  k  for  T  ■  loo  yaara  will  ba  darivad.    ExaMina  now  Pig.  7» 
which  ahowa  tha  ragiotial  diatribution  of  tha  f raqnancy  whan  tha  maximm  diaplaeannit 
aqpUtudaa  of  100  aicron  ara  aiq^ctad  in  100  yaars.   Figa.  e(a),  8(b)  and  8(a)  show  tha 
regional  distrlbatlon  of  tha  frequency,  when  the  maxiiBuw  diaplacemant  aniplitude  will  ex- 
ceed lOOf  IrOOCf  and  10,000  nierons.    For  instance,  as  ahown  in  Fig.  8(a),  station  Nenaro 
is  expected  to  experience  2030  ground  vibrations  with  a  maximum  displacement  amplitude  of 
more  than  100  microns  100  years,  which  is  about  20  times  in  one  year.     Similarly,  the  sana 
station  will  in  one  year,  experiencfi  three  and  0.4  ground  vibrations  with  a  maximum  dis- 
placement amplitude  of  1,000  and  10,000  microns,  respectively. 

Conclusions 

In  addition  to  the  expectancy  naps  qiven  herein,  other  expectancy  maps,  as  shown  in 
Fig.s  9(b),    (c) ,  and   (d)  have  been  developed  by  H.  Kawasumi   [4j ,  I.  Muramatsu  [SJ  and  K. 
Kanai  et  al  [6] .    Comparing  these  figures  with  those  presented  herein,  the  following  trends 
can  ba  concluded;    (1)  although  the  data  was  taken  from  different  periods,  and  with 
different  accuracy.  Figs.  9(a),   (b)  and  (c)  show  a  similar  tendency  in  that,  the  earth- 
quake danger  increaaea  along  the  Pacific  coast  of  tha  HokkaidOf  Sotaoku  and  Xanto  diatricta. 
Ihia  reflaeta  the  general  pattern  of  seisodc  activity  in  and  around  Japan.   Itowevarr  in  Pig. 
9(d),  the  earthquake  danger  in  Tohoku  district,  appears  lowi  (2)  As  shown  in  Pig.  9(a), 
an  additional  area  with  high  aarthquake  danger  appaara  in  tlie  southern  part  of  l^ushu, 
(3)  high  values  of  tha  oarthquaica  danger,  lAlc^  aeen  to  be  abnoznal,  appear  In  Aonori 
(at^,"90ai) ,  Aklta  (A^-60cn)  and  Nagano  (A^«50cm)  diatricta  as  shown  in  Fig.  9(a) 


In  Pig.  10,  tha  variables  M  vs  log  A  and  n  vs  log      are  plotted  for  three  stations,  in 
order  to  chec]c  the  reason  for  these  abnomal  values,    with  regard  to  m  vs  log       at  Aonori 
amd  Nagano  stations,  the  values  of  rr.  increase  gradually  in  the  range  of  log  A=1.0  -  2.0 
and  are  approximately  constant  for  the  log  A  greater  than  2.0.    As  was  described  previously, 
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m  v«s  nvMurad  at  all  atations  in  tlia  ranga  of  log  Ji  ■  1.0  -  2.0.    Xbarafora,  tha  valuaa 
of  ■  ara  undaraatiaiatad  at  thaaa  two  atationa.    Aa  aoan  in  Bq.  0)«  an  overaatlwtad 
value  of  A  is  darived  Iqr  m  undarastlMtlon  of  vxt  Which  is  why         ia  obtalnad  at  Aonori 
and  Hagano.    zn  the  case  of  Mclta*  however*  the  local  ground  condltloB  ahould  be  taken 
Into  account. 
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Table  1     The  Number  of  Data  Cards 


Year 

Number  of  Caxda 

1967 

11.448 

1968 

24,192 
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14.796 

11,7 18 

1971 

11.232 

1972 

972 

Total  74.3Sa 


«omp 

Nl 

N3 

N3 

m 

».9 

(1) 

T«9 

S»S 

IIS 

i-aaa 

aist 

3.733 

ftsia 

tmiDBO 

« 

70S 

513 

lat 

i.aaa 

0.137 

3.993 

9.359 

ros 

432 

81 

1.931 

0  126 

3.7  1  3 

0.31  1 

14) 

2215 

1  S20 

321 

!  *87 

0  13'' 

4. 18  5 

0.3  27 

(1) 

672 

4&I 

as 

i  S64 

0  055 

3-521 

0  132 

ASAHl- 

(21 

662 

4S0 

74 

1.S53 

0  053 

3.505 

0.1 2S 

KMwa 

W 

6»0 

se7 

sa 

i.a«s 

Oioaa 

3.437 

a099 

(4) 

I«ft4 

ISM 

las 

t.9<0 

a049 

3.964 

0  104 

(l» 

1167 

"fii 

lis  ^ 

i.9*a 

aita 

4.039 

0.194 

HAKODATE 

(» 

tia 

1.967 

0  104 

3.98  4 

a243 

m 

10«2 

472 

62 

2  0  0  1 

0  «95 

S  7  58 

0  2<3 

U) 

3391 

2064 

28l> 

1.984 

0.  I  0  6 

4  4  19 

0  250 

(1) 

1167 

884 

144 

2.020 

0164 

4  158 

0.400 

MACBIMMB 

tt» 

a«i 

ia« 

i;9aa 

ai«4 

41«1 

OlOOO 

(at 

94> 

94 

L9I1 

ftoaa 

aa«o 

aaaa 

M 

si7a 

S94 

XOIS 

«,14l 

4.SI9 

«.34a 

ID 

1  3S9 

9S3 

181 

1800 

0  047 

3  737 

0  120 

&ENDAI 

(21 

I  349 

9S4 

169 

1.820 

0.  0  4  6 

3  751 

0.  122 

(31 

1293 

S88 

as 

1.92  0 

0  082 

3.717 

a207 

(4J 

4001 

247S 

439 

1.331 

0.OSD 

4.193 

ft  139 

.............. 

«16 

t«7 

ioaif 

3.539 

""ftiiTi 

MIIGATA 

(8» 

«7« 

eta 

171 

1.71* 

aaao 

3,519 

tiflO 

a» 

a7s 

94 

t.a«e 

•lilt 

3.399 

91199 

iAi 

10  11 
19  11 

1  A  B  1 
1  O  O  •> 

J  ^  ^ 

■1  .1 

1   T  9 

n  0  A  7 

4.004 

M39 

(11 

646 

536 

69 

Z082 

0.144 

4  0!  1 

0  33S 

WAJIMA 

6&S 

71 

^070 

0-J49 

4  011 

0  345 

>ei 

a74 

aa 

2.171 

aaai 

4039 

0494 

W 

li«0 

1«9 

a.tas 

ftiaa 

4.4S9 

a353 

<» 

IS1» 

•as 

|9« 

i.aa« 

Aoaa 

a.*OT 

a  14ft 

tonro 

Ul 

1101 

>94 

ITS 

oto* 

a.94» 

0  274 

(31 

922 

646 

1  1  7 

1.919 

0  105 

3.80  2 

0  26  6 

(4t 

3342 

2563 

47« 

1.899 

a  100 

4.365 

Oi258 

Samp  1 

of  t h <■  c 

»  1  (•  u  1  a  t  f  (1 

V  ft  I  li  p  s 

af  m  kttd  1 

lot  k  aw 

1  tbair  ataadki-a 

4«vi«t  ion*  (i .  d}  kt  vtriou*  itation*. 

Nl,  HZ  aad  N3  ratptctlvaly  mmam  th«  tctal  nwaW,  tk«  aanbtr  «f  4aU 
(4)  rMmltant 


III-7 


Digitized  by  Google 


 -■  ■ 


Fig.  1  (a)   Relations  of  N  vexstw  log  A  and  m  versus  log  Aj  at  Uikone  station 
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Pig.  1  (b)  Itelattons  of  N  versus  log  And  m  ^venufl  log  Aj  at  Gkayama  natloo 
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Fig.  4  (a)   Regional  distrlbutlOB  df  ihe  values  cC  m 


Plf .  4  (b)  R^iloiitil  dlMztfautton  of  the  valuea  ci  m  cxdudiiiK  aueliablc  values  of 
leMdua  l.S 
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pig.  6       Regioiial  diatiibutton  of  die  values  <C  log  fc 
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Fig.  S  (a>  Itegloiicl  distcibutliio  of  the  fiequeney  when  maximum  dicplacemem 

amplitudes  of  larger  than  100  micron  will  be  observed  In  the  oommlng 
100  years 
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Fig.  8  (b)    Re.M  liial  distribution  of  the  frequency  when  maximum  displacement 

amplitudes  o(  laigei  ihan  1,000  microD  will  be  observed  in  the  comming 
100  years 


III-,  14 


Digitized  by  Google 


Fig.  8  (c)   Regional  distribution  of  the  frequency  when  maximum  displacemem 

amplitudes  of  larger  than  10,000  micron  will  be  observed  in  the  commlog 
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FIf.  tM    lbigl*D*l  «Utrlbatl«R  of  naxlMm 


4l*ra*MMBt  mflH«dM(xlO  em) 
^Ich  m  M^Mttd  t»  Ira  obt«rv«d 
WW  9lt  iMtt  li  tbt  tonlag  100 


Ilg.  EipcetMey  map  of  tb« 

maximum  scctltratioa 
•mplitudaa  (gal)  in  lOO 
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Ma  ma*rf«  ait- 
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Fig.  8  (b)     Expartancy  map  ol  tbt 
njximum  vtloeity  am- 
piitudta (ktn«) in  SU 
rMr«.P«ri«4  of  th« 
MOli  -  1868  -  1964 
(*ft«r  I.l(i)r«matai4;4j) 


Fig.  9  Id)     titpectancy  map  of   tlic  maximum 
raloeity  ■mplitudaa  of  aarthq- 

uak*  mottona  ai  bod  rock  ia  loO 
(Mt«rK.lEaMl  •«  tl.HQ} 
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Pig.  10     Relatiotifl  «f  N  verBus  log  A  aod  m  v«nus  log  Aj  (N-S  component)  at 
Aomori,  Akiu  and  Nagano  atationa 
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A  new  aeisniclty  index  is  piopoaed  in  this  paper.  Ihis  index  is  defined  by  the 
follOMing  equation! 


uliere,  N(M)  rapraaente  the  mabar  of  tfialloir  aartiiquakaa  wltii  M  >  6  tOdiA  taatwa  oooorvad 
wltUa  a  ^ioantral  diatanoe  &  of  100  lot  during  thft  peciod  T(yaar) .    Daing  thia  caritarion, 
aalBBloity  Index  aapa  in  or  neaz  Jwan  fox  tMo  different  periods  have  bean  made. 

Jllfpllcatlon  of  this  index  indicates  Idiat  a  renarkable  change  of  8^  was  foimd  in 
aoothem  part  of  Boso  Peninsula  before  and  after  Great  Kanto  Bazthquake  of  1923.  Ihereforef 
in  the  field  of  earthquake  engineering,  these  seisnicity  index  naips  can  be  used  as  a  toning 
awp  of  eartftiquake  risk. 

Key  Words:    Earthquake  Distributions;  Bplcenters;  Haps{  Seisnicity  Index* 
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Introduction 

Since  C.F.  Richter  (i)  defined  the  magnitude  scale  (M)  of  earthquakes,  each  earthquake 
has  been  comgpared  with  each  other  quantitatively  by  this  magnitude. 

MlAtlve  ooPvarlsoM  of  Mi8iiioltl«a  Mwng  various  reglona,  hemmvrt  luivtt  nover  be«n 
mido  qnantltativoly,  thoroforor  an  attavt  to  quantifying  tha  salsnioity  is  inda  in  this 
study. 

Definition  of  SQlsmicity  Scale 

tig.  1  shows  cpiccntral  distribuLioas  of  3147  remarkable  and  n«*ierate  eartijquakes 
trtiich  have  occurred  in  or  near  Japan  during  a  period  from  1900  to  1950.    In  this  figure,  the 
activa  azaas  ara  aaaily  aaan  qoalitatively.    If  %fa  odd  tha  apicantan  of  analler  aarthquakea 
to  this  figure,  howevar,  tha  outllna  of  tha  Japan  Islands  will  dls^ppaar  toy  tits  mwdbars  of 
dota  of  the  epiooiters.    niarefoxe,  by  this  ordinary  nathod,  it  is  vary  difficult  to  dia- 
tijiguish  between  active  and  nonaetive  areas. 

Fig.  2  shows  another  method  of  eapreasing  aeiaaicity  by  using  different  narka  for 
diffarwt  nagnitudes.    Thim  Bathod,  howavarr  is  also  insufficient  to  distinguish  quanta- 
tivaly  tflia  aalsod^eity  of  various  ragiona. 

Oonsidar  tha  following  saiamicity  index        which  is  defined  hare  as  a  guantitativaly 
seisnieity  scale. 

hum 

S    .   )  M  >  6 

*         T     A  <  100  Ion 

where  1)(M}  is  the  nunfcer  of  shallow  earthquakes  with  nagnitude  greater  than  6  itiiidi  have 
occurred  within  the  epicentral  distance  of  lOO  km  around  a  point*   Khan  T  is  takan  as  100 
years*  we  shall  ei^press  S  by  renoving  the  suffix  T*  and  call  the  S  as  the  "standard 
seisnieity  index". 

AS  seen  in  Fig.  3,  world-wide  distributed  stationB  can  detect  the  occurrences  of  all 

earthquakes  of  M  >  6.    Therefore,  the  above  definition  aims  to  present  only  those  earth- 
quakes which  have  M  >^  6,  which  generally  cause  the  roost  disaster.     The  limitation  of  6  ^  100 

km  in  the  definition  of  seismicity  index       was  made  because  the  diameter  of  focal  region 
of  the  earthquake  of  M  '=.8  Is  almost  loo  km  ia  diameter.     Tsuboi's   [2]  result  also  shows 
that  the  diameter  of  the  earthquake  province  in  or  near  Japan  is  almost  2S0  km. 

Seisnieity  Index  Sy  in  or  near  Jroan 

A  value  of       equal  to  S^^  at  735  points  in  or  near  Japan  centering  in  the  meshes  with 

0.5°  of  longitudes  and  latitudes  was  calculated  during  the  period  of  1885  through  1970. 

As  shown  in  Fig.  4,  the  total  number  of  earthquakes  measured  were  1296,  with  the  highest 

area  of  scigroicity  index  equal  to  2.     This  moans  that     earthquakes  of  intensites  of  M  ^  6 

have  occurred  twice  or  more  in  a  year.     The  area,  with  an  index  S„,  or  0.2  >.S-,  >.  0.1, 

Bo  —  Ob  — 

therefore,  represents  those  locations  where  efurthquakes  have  the  sane  nagnitude  which 
have  tak«i  place  once  in  5  to  10  years.    Saiaaici^  regions  of  5.^  >  2  is  twenty  tines 
larger  than  that  of  the  region  of       <,  o.l. 
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TBidwi  [3]  has  oondttcted  ginllar  stuaies  «a  pr«8«nt«d  hacwlnf  homwis,  sincft  nagnitnlM 
of  «artliquakM  in  or  near  Japan  wan  not  sufflalantly  dafinad  at  that  tiaa,  araaa  of  kaonn 
aarthquakoB  vera  uaed  instead  of  nagnitudes.  TivOboi  [3]  index  was  called  "Passive  seiaai- 
city  index  mntMr*  as  is  rtwum  in  Fig.  S.  1b»  patterns  of  the  contour  lines  on  land  as 
sbom  in  rig.  4  and  Pig.  S  era  very  aliBilar  to  each  otherf  however  the  indexes  are  differ- 
ent as  ahown  in  Fig.  4,  tiie  nean  fregiiMU^  of  aarthquakea  (H  ^  6)  par  year  ia  aaan  olearly 
bat  the  ttaan  frequency  is  not  diatinguishad  in  Fig.  5. 

A  map  of  seismicity  index  8^^(1926-1970)  after  the  Kanto  Great  BarthqvuUce  (1923)  is 
shown  In  Fiq.  £,  which  wag  made  In  order  to  see  if  the  seismicity  index  changes  before  and 
after  that  Great  EarthqucJte.     A  remarkeOsle  diffGrcncc  is  revealed  in  the  southern  Boso 
Peninsula  as  shown  in  Fig.  4  and  Pig.  6.     In  this  area,  the  seismicity  index  is  2  >  S-.>_  1 
as  shown  in  Fig.  4,  while  the  value  is  S      <  0.1  as  shown  in  Fig.  6.     This  means  that  the 
seismicity  index  has  changed  to  a  value  of  1/10  of  that  of  the  total  interval  in  this  area. 
Dambara  [4]  has  made  a  cumulative  earthqpiake  energy  map  in  or  near  Japan  as  shown  in  Fig.  7. 
An  interesting  £act  in  examining  this  data  is  that  there  is  a  close  interrelation  between 
the  contour  lima  ia  Pig.  6  and  the  daxkness  in  Pig.  T .    It  nas  also  bean  painted  out  by 
Mogi  [5]  and  Brune  [6]  that  low  eeieaieity  sowetines  i^ppeera  before  tSh*  ooonrrenee  of  a 
great  earthquake. 

Conclusions 

A  new  method  of  eatlnating  quantitridLmly  the  aeisaicity    is  proposed.    In  the  field  of 
eartiiquake  engineeringt  soning  naps  for  earthquake  riak  have  been  deterained  by  a  statist!' 
cal  Mthod  based  on  ejected  acceleration  or  intensity  in  various  areas.    Ihs  seisndcity 
index  neps  presented  in  tlie  present  paper  have  been  develc^d  without  considering  the 
expected  acceleration  and  or  intenaity  in  varioua  areaa.    Vb^  have  been  made  only  to  re- 
preaent  the  seisnicity  in  varloos  areas  precisely  and  quantitatAiely .  the  new  seiMici^ 
index  nap*  however »  will  be  availsble  as  zoning  nap  for  earthq^ake  risk. 

A  seisMici^  index  of  S^^  after  1923  reduced  to  about  1/10  of       after  1885  in  the 
area  of  southern  Boso  peninsula,  which  is  an  area  of  high  density  earthquake  energy. 
The  above  result  show  that  there  is  an  intereating  relationahip  betweoa  the  occurrence  of 
large  earthquakes  and  the  change  of  S^. 

In  the  future,  similar  seismicity  maps  will  be  developed  for  a  certain  oagnitude 
ranges  and  the  work  will  be  extended  to  nicroeartbquakea. 
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Fig.  I    Epicentres  of  3147  earthquakes  which  occurred  in 
or  near  Japan  in  1900  -  1950  (Felt  beyond  200  km) 
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Fig.  2  Eplcentral  distrlbucioa  of  shallow  earthquakes 
which  occurred  in  or  near  Japan  In  1885  -  1970. 
(M26.0) 
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Fig.  S  Reocumnce  curve  «C  eanhquakea  with 

various  magnitude  of  — ittiqwkiP*  itt 
the  world  io  1968. 
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Fig.  5     The  map  of  "Passive  seismicity  index  number" 
(After  C.  Tsuboi  [3]  ). 
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Fig.  6   Seismicity  index  map  of  S^^  (1926  -  1970). 
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ABSTRACT 

The  observation  of  stronq-ir.otion  earthquakes,  located  at  harbour ,  public  works  and 
buildings  throughout  Japan  by  the  national  research  institute  has  been  made.     These  obser- 
vations will  be  discussed,  heroin,  in  addition  to  such  items  as  the  naintenance  and  checks 
of  the  strong-motion  acceleroqrap>is ,  main  records,  processing  and  analyses  of  records,  and 
the  availjdiility  of  the  data  to  the  public. 


by  Wbrdst   Aecelarographa;  Earthquake  Data;  Barthquake  Becorda;  Field  Obaervatlena; 
Strong^notlon  Accelerographs. 
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Introduction 

1.    Hlstoxy  of  strong-notioin  Mzthquak«  observations  in  Japan 

Hie  SMAC  type  strong^antion  aocelerogxaph  now  being  used  in  Japan  and  in  Central  and 
South  ftiiierica>  Southeast  Asia*  and  Middle  and  Near  East,  was  developed  by  the  strong^Motion 

Bazthquake  Observation  Gonuittee.  The  development  of  this  instrument  required  2  years  and 
was  8tQ>ported  by  science  research  funds  of  the  Ministry  of  Education  in  1950.  The  instru- 
ment has  been  iTnp rover!  since  then  and  is  more  suitable  to  Japanese  climate  in  the  resistance 

against  moisture-,  cold,  etc. 

In  October,   I'iSi  after  completion  of  t'nu  sttonq-mcitian  acceleroyraph,   tha  Resources 
Council,  Prime  Minister's  Office  recommended  the  following  to  the  prime  minister;  "to  secure 
the  source  of  necessary  revenue  and  to  ioq>rove  the  setup  and  consolidation  of  the  necessary 
stxong^motion  aarthguake  cteaxration  natwoxlc  and  to  astaiblish  a  system  required  for  its 
operation,  in  approxinately  3  years,"  and  farther  reocmnended  in  January,  19S5  that  perman^ 
ent  station  plan  of  strcmg-notion  acmlerographs  be  established. 

Later,  in  view  of  the  disaster  caused  by  the  Niigata  Earthquake  i-  1964,  the  Science 
Oouncil  of  Ja!pan  reeonnended  to  the  prime  minister  in  Novenbar,  of  that  sama  yeari  ajcecuta 
a  concentrated  set  of  stations  to  measure  strong-motion  earthquakes".  Ihis  recxmaiendation 
asksd  for  stations  at  every  50  km  throughout  the  country,  thus  providing  one  yardstick  for 
observation  density.  Further  in  October,  1971,  the  Science  Council  of  Japan  requested  the 
prime  minister  to  examine  the  previous  recomnendations,  given  earlier. 

From  1953  to  the  en  1  of  Mardi,   1974,  about  S50  strong-motion  accelerographs  were  in- 
stalled.    When  the  observations  were  started,  the  communication  among  the  observation  agency 
and  the  publicity  service  were  performed  by  the  Strong-Motion  Earthquake  Observation 
COTimittee,  which  is  controlled  by  t)ie  Investiqation  Htiard  of  Resonrfes ,  Prime  MiniF:ter»s 
Office.     In  December,  1956,  the  controlling  authority  of  the  Coinmittee  was  transferred  to 
Earthquake  IhHiearch  Institute,  University  of  Vokyo.    In  1960,  the  principal  strong>-moti<Hi 
earth^iBka  records  %mre  published  by  the  Committee. 

The  nunber  of  SNAC  strong^motion  accelerographs,  installed  after  the  Miigata  Barthquakcv 
increased  suddenly  in  comparison  with  previous  installations,  and  thus  it  is  difficult  for 
the  Strong-Notion  Barthquaks  cbservation  Oommittee  to  examine  these,    in  this  situation,  the 
Liaison  Conference  for  Promotion  of  Strong  Motion  Earthquake  Observation  Project  cciiprising 
concerned  government  offices,  heads  of  concerned  agencies  and  specialists ,  was  established  in 
the  National  Rasearch  Center  for  Disaster  Prevention,  Science  and  Technology  Agency,  the 
conference  group  decided  to  be  responsible  for  communication  and  coordination  of  the  nation- 
wide promotion  of  the  strong-motion  earthquake  obfiervation  project.     The  conference  partici- 
pants analysed  the  present  state  of  stationary  strong-.-not  ion  accelerographs,  and  discussed 
how  to  increase  the  observation  Jictwork,  and  at  the  same  tirie  provided  a  publicity  aorvico 
for  collection  of  the  princxpal  records.     Ixi  Febtuaxy,  X^l'Z,  the  group  arranged  and  published 

their  opinions  regarding  the  improvement  of  the  observation  network.    According  to  the 

publications,  they  proposed  to  establish  2,141  strong-motion  accelerogra(ih 

stations  throughout  the  country.    Therefore,  even  if  all  the  stmtg-motion  accelerographs 
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jKMcntly  installed  are  ooneideredl  to  be  effectively  operating «  installation  of  about  1#300 
additional  strong-notion  accelerographs  is  necessary. 

2.    itecessity  to  strengthen  and  enlarge  the  Btrong-notlon  earthquake  observation 


The  strong  motion  earthquake  observations  stated  herein,   refers  to  the  measurement  of 
acceleration  amplitude  waveforms  caused  by  tremors  of  the  ground  and  structures  at  the  time 
of  a  strong-motion  earthquake.     Such  measurements  relate  to  the  reading  of  the  measured 
waveforms,  and  to  the  primary  analyses  of  the  magnitude  of  the  acceleration  an^litude, 
periodical  ciiaraotexistic  of  the  wavefonu,  etc. 

Stxong-sntlon  enrthquako  observations  and  the  sab  sequent 
analyses  of  the  aagnitude  of  tbs  acceleration  amplitude  and  the  periodical  e^baracterlstie 
of  the  wavefonm  has  resulted  In  relationships  between 

^  aagnitnde  of  the  oarthqpaaicef  epicenter  distance i  selsnlc  center  dspth*  topography* 
geology,  scales,  oonstruotlon,  and  naterial  of  the  structures. 

The  analytical  rssults  of  the  stxong-notion  earthquake  observations  give  qiuantitative 
inf oenatlw  and  thus  will  pemit  en  establishwit  of  countensasurss  for  the  earthquake 
disastsr  prevention  fbr  each  region  of  the  country  and  for  ^e  of  soil.   It  further 
rationalises  the  ssisnie   dsslgn  of  structures  built  on  the  ground,  and  aoreover  ration- 
alises the  aseinsatic  design  of  the  structures  which  grow  diverse,  massive,  and  complex, 
considerably  contributing  to  safe  and  economical  constructions  of  these  structures.  An 
example  of  such  a  highly  dense  network,   for  measuring  strong-motion  earthquakes,  has  been 
established  around  Los  Angeles,  California,  USA.     These  observations  were  initiated  in  1932, 
and  have  since  obtained  250  strong-motion  accelerographs  records  prior  to  the  1971  Los 
Angeles  Earthquake. 

In  this  country,  strong-motion  earthquake  observations  were  i.^itiated  i.n  March,  1953, 
when  a  strong-motion  accelerograph  (SMAC  type)  made  in  Japem,  was  installed  in  the  Earth- 
quake Research  Institute,  Dnlverslty  of  Tokyo.    Since  then,  various  universities,  govem- 
■ent  agencies,  and  various  private  groqps  have  oooperatad  in  the  enlergeMnt  and  strangthen- 
ing  of  tiie  stxong-^aotion  eartiiquake  observation  network.    Finally  at  the  end  of  Msrcih,  1974, 
the  total  nuaber  of  SmtC  strong-aotlon  aooelerogr^phs  stationed  throughout  japan  was  shout 
850,  and  tliou^  not  reaching  the  regiolred  density. 

She  strengthsning  and  enlargaiMnt  of  tlte  stroog-inotion  earthquake  oibssrvatioa  network 
is  nscsssasy  in  order  to  achieve  the  ain  describsd  previously,  thus  it  is  still  dssirable 
to  jncxease  the  densl^  of  this  still  qparse  obesrvation  network. 

Stroi^llotion  garthqwake  Obeervatiens  in  Ports  and  Harfaeurs 
1.   Present  state  of  the  observation  netsorfc 

she  strong^Botlon  earthquake  observationB  of  port  and  harbour  areas  in  Japan,  have  been 
eveouted  since  1962  under  tkut  cooperation  of  Port  and  Harbour  Besear^  Institute  and  variouB 
aganoiaa  conoemed  with  ports  and  hadbours.   fhis  has  been  executed  under  an  agresneat 

initiated  by  a  research  group  consisting  of  the  Port  and  Harbour  Bureau  of  Ministry  of 
Transport,  respective  District  Port  Construction  Bureaus,  Port  and  Harbour  Research  Insti- 
tute, and  other  concerned  agencies.    As  of  Deceaber,  1974,  the  observation  network  consists 


network . 
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of  65  strong-motion  accelerographs ,   installed  at  44  ports.     Figure  2-1  shows  the  locations 

of  the  ports  and  harbours,  where  tho  strong-notion  acceloroqraphs  are  installed.  Figure 
2-2  shows  the  niunbHr  of  Installed  acceletographs  l-'er  year.     There  are  2  typea  of  strong- 


accelerograph  and  the  other  a  EkS  strong-motion  accelerograph.     The  description  o£  the 
SmC-B  has  been  reported  previously  (2-1).    The  BBC  strong-notioD  accelerograph  is  an 
aooelarograph  %d.th  a  novin9  type  coll  traxtaOnemr,  nhioh  Is  available  as  Type  A  with  a  nag- 
iMtic  tape  recorder f  and  as  Tape  B  or  C  with  an  aleetrasiBgiietio  oscilllograph.    fyp«s  A 
B  record  2  horiaontal  ooMpoiiBntsy  and  Type  C  records  2  horiKHital  conposkttits  and  a  vertloal 
ocnpcnent.   Ihe  BBS  strong-notion  accelerograph  can  be  used  with  the  tranaducer  and  the 
xeeoxdaxm    This  provides  an  advantage,  for  obsunring  the  earthgpake  response  of  poet  and 
harbour  structures  in  which  strong-aiDtion  accelerograph  zocns  are  iapoeslble  to  nake. 

2.  Nalntenanoe  and  check  of  strong^-motlon  aeoelerographs 

The  strong-notion  aeoelerographs  r  Installed  in  port  and  harbour  areas  are  nalntalned 
by  the  construetlm  work  offices r  etc.  at  the  respsctive  ports.   The  staff  In  charge  of  the 
nalntenanoe  and  cAMCk  of  the  strang>-motion  accelerografhs  (noxmally  the  staff  for  p\d)lic 
%(ork8)  are  assigned  to  conduct  periodical  checks  (twice  a  month)  and  to  perform  special 
checks  after  the  occurrence  o£  earthgoakes  of  II  or  more  in  the  earthquake  intensity  scale 

of  Meteoroloqical  Aqency. 

ftlso,  once  or  twice  a  year,   a  detailed  ch.eck.  is  tirade  by  the  manufacturer  engineers  of 
the  strong-motion  accelerographs .     In  addition,  the  Port  and  Harbour  Research  Institute  con- 
ducts training  o£  the  staff  in  charge  ot  operations,  every  year.    The  training  is  practical, 
and  relates  to  handling  of  the  atroog-aotlon  accelerographs  by  the  enginanrs  dispatched 
from  the  wuiufacturers  of  the  strong-motion  accelerographs.    A  strong^niotlon  accelerograph 
is  initiated  irtien  the  starter  smses  the  treoors  of  nagnitude  50  to  10  gals.    Mben  a  8tr«hg 
notion  aceelerogr«pb  does  not  start  at.  the  tine  of  an  eeurthqoake*  it  Is  difficult  to  judge 
whether  the  trnnors  were  too  snail  or  there  was  failure  of  the  accelerograph.    Fat  this 
raasonf  a  strict  acquisltian  rate  of  records  f»nnot  be  shown.    HCwever,  what  will  be  intro- 
dnoed  is  a  case  to  show  the  record  aoguisitlon  stats  of  the  observation  network.   At  tbm 
tine  of  the  tokadii-Olcl  Barthguake  in  196B,  15  strang-notion  aecelarogr.^is  located  in  the 
ports  and  harbours  of  Hokkaido,  and  Tohoku  district  recorded  the  trenors.    Cnly  one 
accelerograph  did  not  record/  due  to  its  own  failure. 

3.  Principal  records 

From  Uiose  records  obtained  by  the  strong-rr.otion  earthquake  observations  in  port  ajjd 
harbour  areas,   those  exceeding  about  100  qals  in  the  maxiiTimri  acceleration  are  shown  in 
Teible  2-1  and  are  classified  by  each  observation  point.    As  an  example  of  recorded  wave- 
forms, the  record  of  the  Tokachi-Oki  Earthquake  in  1968  at  Hachinohe  Port  is  shown  in  Fig. 


4.    Processing  of  reeordR 
a)  Storage  of  records 

All  the  records  obtained  at  the  respective  observation  points,  are  sent  to  the 
Fort  and  Harbour  Research  institute,  to  be  catalogued  and  stored.    Oopies  of 


motion  at:celerograp)is  that  used  in  observation  network: 


one  was  a  ^IMAC-B  Stronq-motion 


2-3. 
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reoorte  ar«  also  sant  to  th*  raspectlva  otearvation  points,    the  rsoords  ac- 
quired are  classified  for  aacdi  aartbqpiake  awry  2  nontha,  and  iflth  a  "Strongs 
Motion  Earthquake  Observation  Table"  showing  the  naxinunt  acceleration  of  eadh 
component  of  the  respective  recocds,  which  are  smt  to  the.  parties  concerned. 

b}  Digitization  of  records 

For  those  records  which  were  obtained  on  the  ground  and  exceed  50  gals  in  maxi'- 
mum  acceleration,  the  horizontal  conponents  are  diqitized. 
The  record  by  an  SMAC-Bj  strong-motion  aocelerograph  is  copied  by  contact  printing  on 
Mylar-based  sensitive  paper,  and  is  digitized  by  a  semi-automatic  digitizer.    The  digitizer 
places  a  cursor  on  the  position  requiring  digitization,  coordinate  values  are  then  punched 
on  a  paper  tape  by  yiiiiisii.ng  a  switdh.    ihe  tiaie  intervala  used  during  the  digitisation*  are 
0.01  sac.    file  nunarical  values  %Aiich  were  punched  on  the  paper  tape  are  tlien  read  by  an 
electronic  conpnter,  and  reproduced  as  wavefons  by  a  graphic  output  unit  in  order  to  eon- 
firm  that  the  readings  were  correct*   Any  errors  noticed  are  then  eoEreetad.    The  oorraotad 
zecsocids  pEDvlde  aDplituda  values  at  imaqpial  tine  intervals  #  and  are  converted  into  asplitude 
values  at  the  equal  tise  intervals  of  0.01  sac  by  intetpolation,  and  are  tiien  raoordad  on 
magnetic  tape*    In  principle »  Uie  sero-llne  is  not  corrected #  hOMever  when  the  sero-line  is 
not  prcperly  inserted  for  tiuise  wavefonns  r^roduced  by  the  graphic  output  unitr  the 
digitisation  is  re-evaluated.    Howevert  if  tiae  is  not  available  because  of  the  naity  reooedi 
to  be  prooessedf  the  wavefoms  are  enlarged  by  thf  graphic  output  unit,  in  order  to  deter- 
mine the  corrective  aeount  ot  the  sero-line  position  •  for  correction  in  the  electronic  ocM- 
puter. 

The  rc-cords  from  the  ERS-B/C  strong-^iotion  accelerogi aph  is  digitized  using  a  different 
digitizer  than  that  used  for  the  SMAC-b.^  strong-motion  acceleragraph .    This  digitizer  is 
interlocked  with  a  computer  and  if  axi  operator  moves  the  cursor  along  the  recorded  vAvefome, 
an  amplitude  value  is  Stored  in  the  computer  each  time  the  cursor  moves  0.1  mm  along  the 
tlBM  base. 

After  and  of  digitizatioor  the  nuuerical  values  stored  in  the  ocaputer  axe  rvrodueod 
by  a  digital-to-analogue  converter  as  an  analogue  voltage  Which  are  recorded  by  a  pen- 
writing  oscillograph.    After  ccnforiBation  that  the  recorded  wavefoms  have  been  cmrreetly 
digitised,  nuuerical  valuiss  are  punched  to  the  paper  tape.    They  are  then  read  by  another 
cooiputer,  and  recorded  on  magnetic  tape  together  with  the  records  of  the  SMMO-B  strong- 
Dotion  acoelerographs* 

no  corrections  are  made,  to  the  BRC-B/C  strong-motim  accelerograph  records.  The 

minimum  time  intervals  for  digitization,  relate  to  the  recording  paper  feed  rates  of  the 
respective  strong-motion  acoelerographs.    These  rates  are  0.005  sec.  for  Type  B  and  0.0025 
sec.   for  Type  C.     However,  the  records  which  are  stored  on  the  magnetic  tape,  have  the  same 
time  intervals  as  those  of  shac-B  strong-motion  accelerograph.     It  was  experimentally  con- 
firmed, that  the  digitization  of  the  ERC-B/C  strong-Fiotion  accelerograph  records,  could  be 
reproduced  with  an  accuracy  which  causes  no  viewing  difficulty  for  practical  use. 
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Wot  all  -Uw  difltisad  rooocds,  tlkft  rMiponstt  spACtra  and  Vooriar  i^aotra  ara 
calculated.   Othar  various  spectra  are  calculated  aeoovdlng  to  necessity. 

5*    Owning  of  data 

The  records  obtained  by  the  strong-notion  earthquake  observations  in  port  and  harbour 

areas,  are  published  in  the  "Annual  Report  on  Strong  Motion  Earthquake  Records  in  Japanese 
2-2) 

Ports"  .     The  annual  report  covers  the  maximum  acceleration  of  each  component  of  every 

record,  the  seismic  center  location,  magnitude,  seismic  intensity  at  the  respective  location 
for  the  eartiiquake  corresponding  to  each  record,    hioreover,  the  ground  recordings  for  those 
with  accelerations  of  20  gals  or  greater   have  their  waveforms  reproduced,  and  for  those 
with  aooaleratlooa  of  50  gals  or  greater  have  their  wavefocu  digitised  with  res- 

ponse veotra  and  Fourier  sP*otra  pxovlded. 

ihe  :?tiblirtied  annual  reports  extended  f ram  1963  to  1974        .    Also  tbm  record  of  the 
fOkachi-Okl  Barthguake  in  196B,  has  been  published  separately^'^ . 

The  data  where  each  strong-aotion  accelerograph  has  heen  Installed,  are  piAlidied  as 
"Site  Characteristics  of  Strong  mtion  Earthquake  Stations  in  Vorts  and  Raibonrs  in  Jspan* 

'       '  The  data  at  thsse  observation  points,  covers  the  geographieal  features 

where  tiio  installatians  ara  located  snch  as  tin  oonfiguratlons  of  tha  buildings  #  foundations 
of  the  strong^^otlon  accelexogxaphs,  design  drawings  of  the  strong-notion  earthquake  obser- 
vation roonVf  and  soil  histograms.    Die  results  of  tiiese  observations  are  given  in  the 
annual  report:  as  in  the  analytical  results  such  as  average  r^poiwe  sPBCtxa  and  selsnic 
tremor  characteristics  of  the  ground    '  '    '  * 

Strong-Motion  Barthywke  Observa^ons  at  the  Wblic  Works  Bessarch  Institute 

1.  Blstozy  of  strong-iietlon  Mrthq^aJw  obmrvAtions  at  the  Public   Works  Research 

Institute 

The  strong-motion  earthquake  observations  at  the  Public  Works  Research  Institute,  were 
initiated  in  1957  when  an  SMAC  typo  Strong-motion  accelerograph  and  an  electromagnetic 
strong-motion  accelerograph  were  installed  in  Kinki  Regional  Construction  Bureau.  Seventeen 
years  later,  at  the  end  of  March,  1974  a  total  of  189  strong-motion  accelorographs  were  in- 
Stalled  for  the  public  works  facilities  using  the  research  funds  of  the  Public  Works  Research 
Institute  and  -funds  tsan  various  civil  engineering  construotlcn  projects. 

This  report  describes  the  history,  ayatM  and  future  praaotian  of  strongnoticn  eartli- 
quaka  observations  at  tlie  Public  works  Basearch  institute,  and  refers  to  the  entire  nation 
and  Ministry  of  Construction  projects  and  their  inter-relatlonShip. 

2.  Progress  of  the  strong-notion  earthquake  observations 
a)  Observation  stations 

the  strong-notion  earthquake  observations,  at  the  civil  engineering  work  faci- 
lities such  as  bridges,  dans,  ewteankwents  and  tunnels  are  executed  under  the 
cooperation  of  various  agencies.    These  agencies  consist  of  the  Public  Works 
Institute,  Regional  Construction  Bureaus,  local  governments  (Civil  Engineering 
Works  Department,  Board  of  Project) ,  4  public  corporations  concerned  with 
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civil  •nginaering  works,  and  the  Hokkaido  Development  Agency.    Since  the  obser- 
vations ttere  started  in  1957,  with  the  use  of  an  electromagnetic  type  strong- 
notion  aqcelezographs  at  the  Sarutani  Dam  in  the  Kinki  Hegional  Construction 
Bureau,  a<^ditional  observation  stations  have  increased  gradually.    3i::ce  the 
Niigata  Earthquake  in  1964,  the  installation  of  additional  strong-motion 
accelerographs  was  promoted  and  increased  by  notification  of  the  Director  of 
the  Road  Bureau.    At  the  end  of  March,  1974,  189  SMAC  type  strong-motion 
accelero9rapui;  were  installed  at  96  stations  and  electromagnetic  type  strong- 
motion  accelerographs  with  448  components,  were  installed  at  48  stations.  The 
locations  of  the  cbservation  stations  of  the  SimC  type  strong-notion  aeoelero- 
graphs  and  the  electrooiagnetlc  type  strong  notion  accelexograpihs  are  shoim  in 
Pigs.  3-1  and  3-2.    The  nusfber  of  installed  accelerographs  per  yearr  are 
shown  in  Table  3^1,  and  the  nuabers  of  installed  accelerographs  per  structural 
iMpeare  shoim  in  Table  3-2. 

b)  Strcng-motion  acoalerographs 

The  strong-notion  accelerographs  used  foe  observation  are  the  Smc  type 
strongHiotion  accelerographs  and  electromagnetic  type  strong-motion  accelero- 
graphs«  with  the  SMAC  type.,  especially  Type  B^*  used  predominantly.  However, 
recently.  Type      and  Type  Q,  which  allows  one  to  measure  the  components  in  a 
shorter  period  than  pemitted  by  Type  Bj,  were  installed.    The  electromagnetic 
type  strong-motion  accelerograph  uses  an  electromagnetic  method  for  the  trans- 
ducer,    and  an  electromagnetic  oscillograph  or  magnetic  recorder  for  the  re- 
corder.    In  using  a  transducer  for  the  strong-motion  acceleroqrapn ,  the  moving 
coil  type  accelerometer     is  used  most  often,  variations  of  the  ti ansd'_:c-er  in 
size  and  weight,  is  considered  dependent  ou  Uie  inatallaLion  location  and  where 
the  SMAC  type  strong-motion  accelerograph  caiuiot  be  installed.  Recently, 
observations  of  seismic  tremors  in  the  ground  under  the  surface  of  the  ground 
have  been  executed.    At  present  such  observations r  by  the  electromagnetic  type 
accelerographs*  have  been  made  at  15  stations  (149  components)  out  of  48 
stations.    The  nusibar  of  measuring  components  and  units  used  of  eacdi  electro- 
magnetic t!/p%  strong-motion  accelerograph  dif  far  according  to  eadi  station. 

c)  Obaarved  racmrds 

The  records  obtained  from  the  initiation  of  the  observations  until  the  present 
consist  of  about  3,817  Sheets  (inoloding  869  Sheets  for  the  Hatsushiro  Earth- 
quake Swarm)  as  recorded  by  the  SMAC  type  strong-notion  acceXerogra^a ,  and 

about  210  Sheets  by  the  electiurr.aanetic  type  strong-motion  accelerographs. 
Host  of  the  records  listed  values  ot  less  than  ^Ct^  cil    ,  and  the  number  of 
records  of  100  gals  or  more  were  about  77   (including  about  30  records  for  the 
Hatsushiro  Earthquake  Swarm)  as  shown  in  Table  3-3.    The  largest  recorded 
waveforms  obtained  to  date  were  from  Uwajima  City,  Ehime  Pref.,  which  had  a 
maximum  acceleration  of  438  gals,  with  the  waveforms  as  shown  in  Figs.  3-3  and 
3-4. 
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3.  fibservatlon  net-work 

Tha  stzons-noticn  acovlvographs  wm  Installvd  maaaceiaq  to  tha  public  norks  eoo^ 
•traetion  sltas.    Sinoa  the  past  several  years;  the  increase  in  the  nwdber  of  installed 
aocelerographs  has  shown  a  tendency  toward  an  uneven  distribution  in  specific  areas,  this 
then  afaom  vhat  areas  need  accelerographs  installed.    The  ideal  plan,  for  stationing 
strong-motion  accelerographs,  is  to  obtain  a  record  in  the  adjacent  area  of  the  epicenter 
when  an  earthquake  with  V  or  more-  soismic  intensity  (JMA)  occurs  in  any  part  of  Japan.  The 
present  status,  however,  makes  it  impossible  to  approach  these  ideal  conditions     in  the 
near  future,    nierefore,  the  following  network  has  been  drafted  to  promote  a  strong-motion 
earthquake  observation  project. 

The  network  involves  the  installation  during  the  next  five  years  (1975-1979) ,  and  to 
install  ottiars  according  to  necessity*   the  nstwcixk  plan  was  drafted  per  the  CbllOMiag 
aonditionai 

(1)  The  entire  land  area  of  Japan  ahottld  be  covered  with  256  equilateral  triangle 
■eahaa  (one  aide  is  edsout  50  la) «  fbr  the  stationing  at  least  1  cbsecvation  station  in 

(2)  Oovering  all  the  neshes  In  Japan,  unifocnly  with  aKtrene  urgmcy. 

(3)  At  least  one  each,  at  the  top  and  botton  of  a  structure,  witii  a  total  of  tso 
sets,  Aould  be  installed  at  one  obaervation  station. 

(4)  Consideration  of  those  installed  strong-notion  accelerographs,  team  other  ninis** 
tries,  should  be  taken  into  consideration. 

In  order  to  determine  the  total  number  of  strong-motion  accelerographs  to  be  installed 
in  the  future,  the  present  stationing  state  was  investigated  as  shown  in  Fig.   3-5.  The 
meshes,  without  strong-motion  accelerographs  can  be  selected  as  dark  neshes  shown  in  Fig. 
i-f»,  and  where,  14b  stations  (292  sets)  require  installation.     The  cooqplete  installation  is 
planned  for  coofpletion  in  the  latter  3  years  of  the  five-year  project.    Ibe  draft  of  the 
network  is  stUl  undar  adjustamt  irLth  tJM  sponsoring  organixations. 

4.  Checks  and  collection  of  records 

lbs  naintenance  and  control  of  the  strong-notion  accelerographs*  related  to  the 
civil  engineering  works  facilities,  have  bean  exeouted  by  the  notification  from  the  Direetor 
of  the  Roads  Bureau  and  the  Direetor  of  the  River  Bureaa  Ttese  notifications  were  deliwares 
in  April,  1970,  and  have  been  inatituted  by  the  offices  controlling  tiie  facilities  In 
idiidi  the  stmng-flMtion  aooelerograpba  were  inatalled.    KnaMination  of  Him  strong-notion 
accelerographs    involve  periodic  dheoks  and  «paeial  diacks  by  the  staffs  of  respective 
offices.    Also  technical  checks  by  special  engineers,  of  the  nanufacturars  of  the  strong- 
notion  accelerographs,  have  been  nade. 


a)  Periodic  check 

A  check  of  the  equipmcr.t  has  been  conducted  every  2  weeks,  in  order  to  confirm 
tii&  preparedness  o£  the  equipment 

b)  Special  check 

Nhen  there  is  an  earthqpiake  of  zi  or  nore  on  the  seisnie  intensity  of  jma,  in 
the  neighborhood  of  the  observation  station  *  a  special  shock  is 


oonAvoted  to  oollect  a  zeoord. 
e)  Tadmieal  (duck 

This  cheek  la  conduetadi  by  a  special  engineer  of  the  nanttfaetiieer  of  the  stxeng^ 
notion  acoelerografb,  onoe  or  tvloe  a  year. 

5*    OoUeetloiif  etoragc,  onalyaes  and  publicatlaii  of  tha  xaeagcds 

the  selsBlc  zecorde  cbtalned  at  the  reqpectlve  obaervation  atations  are  Hailed  to 
tdia  Fubllo  warka  Raaaar^  Inatltuta  for  arranganMnt  and  atorage.    Hm  arrangnant  and 
analysing  work  of  tlie  selsalc  data  and  recordB  are  parfoxMd  baaed  on  the  flowohart  aa 
ahonn  In  Fig*  3*7*   Whm  the  recocda  are  obtained,  tiioae  with  a  naxlniw  acceleration  of  .50  gala 
or  aore    ara  digitized.    Tha  digitisation  is  performed  by  use  of  a  semi-autoinatic  digitizer, 
according  to  the  flowchart  aa  ahwon  in  Fig.  3-6.    The  resolution  of  the  digitizer  is  25 
microns,  an&  the  overall  precision  is  0.125  mm.    The  digitized  records  are  subjected  to  a 
circular  correction  (in  case  of  SMAC-B^) ,  a  zero-line  correction  and  a  time  base  correction 
by  an  electronic  computer.     The  data  is  converted  into  numerical  values  at  0.01  sec.  inter- 
vals) by  linear  interpolation.     Also  developed  from  the  waveform  analyses,  are  autocorrela- 
tion coefficients,  Fourier  spectra,  power  spectra  and  various  response  spectra  which  are 
digitized  and  is  further  processed  for  graphic  output  tmit. 

iha  pdblioatlon  of  the  obaervation  data  and  the  atrong-Motlon  earthguake  records  # 
are  publiSbad  every  year.   Thm  reootded  wavefozns  of  the  previotw  year  are  copied  in  fall> 
acale,  and  arranged  In  order  to  give  of  tiie  varlooa  contrast  selanle  values,   ihe  tables  of 
tlie  nuaerloal  valuaa  are  alao  published,  whan  a  pcedetemined  voIum  of  data  is  accoanlated. 
fhe  data  pnbUshed  to  date  are  contained  In  12  books  (references  3>1  to  3-6,  3~9t  I'll,  3-13, 
3-16,  3-17)  for  strong^aotlon  eartfagoake  records  end  5  books  (3-7,  3-B,  3-14  and  3-15)  fbr 
tabolar  manerlcal  values. 

strong-motion  Earthquake  Observations  at  the  Building  Research  Institute 

1,   History  of  strong-notion  earthquake  cbeeryatlonSf  concerned  with  building 
in  1954,  a  strong-notion  accelerograph  type  smc-A,  was  Installed  at  tlie  Building 
Beseardi  Instltnta  by  the  Mreetor  of  Honslng  Bureau,  Ministry  of  Oonstmetion.    fhe  ob- 
servation netMork,  close  to  the  mnber  of  present  strong-SK>tlon  accelerographs,  was  thsn 
fomed  In  the  1960s.   The  types  of  strong-notion  aooelerographs  that  were  Installed,  were 
Type  amC-Jk«  type  DC  developed  jointly  with  the  Research  Institute,  and  Types  SHRO-B]^  and 
SMAC-B^,  Improved  version  of  SMAC-A.    Since  the  initially  installed  SHAC-A  type  beceune 
superseded,    the  SMAC-M  type  was  intended  for  complete  automation  and  digitization    by  the 
2nd  joint  development  with  the  Research  Institute.    This  type  has  been  used  since  1973  as  a 
strong-motion  acr_-el<?roqraph .     Tn  1974,   the  mobile  observation  network,  comprising  several 
strong  motion  accelerographs  commonly  called  "Caravan"  was  initiated  for  installation. 
This  is  to  be  preferably  installed  for  a  period  of  several  years  in  the  place  most  likely 
to  be  subjected  to  strong-notion  earthquakee   aecordlng  to  tiie  Infomation  relating  to  the 
prediction  of  earthquakes.    Mao,  if  the  Intended  atrong-notlon  record  can  be  obtained.  It 
Is  to  be  novad  to  the  neat  place  with  high  earthquake  oceorrenoe  probSblll^.    In  the 
building  field,  tiie  Barthquake  Basearch  Institute   of  the  Qhlversity  of  TOl^  has  been 
perfomlng  stxeng-nDtion  eartiigiiake  obsarvations    togetiiar  with  this  rasear^  Inetltnte. 
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Hbwemrt  In  oordar  to  aalntain  tha  increased  nuober  of  Installed  atrong-iiotlon  aecelexograpihSf 
the  National  Baaearoh  cwnter  for  Disaster  Prevention  and  the  Science  and  Technology  Agency 
have  shared  a  part  of  the  observation  natmork.    Ihe  atrongrBOtion  accalerograEiha  related 
to  fauildinge   are  priiiarily  installed  in  the  nultiatory  struetores  with  45  n  or  more 
height    lAiese  buildings  are  constructed  by  special  pertnisslon  of  the  Minister  of  Construc- 
tion   according  to  the  stipulations  of  Article  38  of  the  Building  Standard  Law.    The  number 
of  installed  stronq-motion  accelcrographs    of  this  kind    has  sharply  increased  in  accordance 
with  the  increase  of  construct. ion  of  multistory  huildinqs  .is  shown  in  Ficj.  4-1.  However, 
the  maintenance  and  control  capacity  of  the  Building  Kesearch  institute    Earthquake  Research 
Institute  of  University  of  Tokyo,  the  National  Research  Center  for  Disaster  Prevention,  and 
parts  of  private  and  public  corporation,  are  beyond  their  capacity. 

2.  Present  state  o£  strong-motion  earthquake  observation  network  related  to  buildings 
The  Building  Research  institute   installs  strong-Rotlon  accelerogr«phs  about  ev>»y 

100  km  along  the  coasts  throughout  Japan.    These  installations  are  nainly  in  the  neighbor- 
hood of  the  foundations  of  the  buildings.   As  shown  in  Fig.  4-2,  31  strong-notion  acceler- 
ographs  are  installed  in  18  places.    There  are  8  sets  of  Type  smc-A,  6  sets  of  Type  SNAO-B 
9  sets  of  me  smOK  and  8  sets  of  lype  DC. 

She  nnters  of  strong-intion  aeoelerographs   relating  to  buildings  and  the  agencies  in 
cdiarge  of  mal  ntenanre  and  cxmtrol    are  shomi  in  Table  4-1.    In  additicnr  tha  Building 
Researcih  Institute  set  qp  ths  afore-sald  "Caravan*  at  2  places.    Badi  Caravan  has  strong- 
notion  aeoelerographs    on  the  foundations  in  the  neighborhood  of  the  vertexes  of  an  equilat- 
eral triangle  with  about  1  km  sides.    Recorded  are  the  absolute  time  and  common  time  in 
order  to  allow  accurate  acquisition  of  the  propagation  direction  of  seismic  waves,  etc. 
One  Caravan  is  installed  in  the  Nuinuro  Penninsula,  which  is  said  to  have  residual  energy 
in  the  seismic  center,  with  the  expected  seismic  scale  similar  to  that  of  th<=>  previous  time, 
and  the  other  Caravan  is  installed  in  the  neighborhood  of  "ociaczaki"     facing  the  Sea  of 
Enshu  since  the  next  big  earthquake  is  eiqpected  to  occur  in  the  Sea  of  Enshu  trough  with  a 
magnitude  of  8. 

3.  Naintenanoe  and  odieck  of  strong-motion  aooelerographs  related  to  building 

The  organisation  systMi  of  naintmanoe  and  control    in  the  Building  Research  aistitute 
is  shown  in  Fig.  4-3.   The  Building  Research  Institute  asks  local  engineers   conemned  with 
the  buildings  at  the  observation  points   to  perform  naintenance  and  cheek  at  the  observa- 
tion sipots  iffith  due  remawration.    The  looal  staffs  perfocned  a  nontiily  chede,  and  t^n 
avtY  find  any  trouble  and  Shortage  of  sps^e  parts #  etc.   hey  inform  Htm  Building  Rasearch 
Institute.    The  Building  Research  Institute  then  dispatches  a  repalman  ox  sands  spare 
parts  to  the  location.    Vfhen  a  strong-motion  earthquake  has  occurred  In  the  neighborhood 
of  any  location,  the  local  staff  instantly  checks  the  strong-motion  accelerograph,  and  if 
there  is  any  record  available,  he  enters  the  data  and  puts  the  record  in  a  metallic 
cylinder.     The  cylinder  is  then  sent  by  amil  to  the  Buildinq  Research  Institute,  irrespec- 
tive o£  the  magnitude  of  the  record.     Moreover,  in  order  to  improve  the  technique 
knowledge  of  the naintenance  and  cJiecka  performed  by  the  staff  concerned  with  strong-motion 
earthquake  cbservEtionSf  a  short  study  course  has  been  given  every  three  years  by 
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Building  Research  Institute.  The  maintenance  and  check  of  the  strong-motion  accelerographs 
related  to  buildings  are  vary  in  their  systems  and  organizations >  etc.  In  agencies  other 
than  the  Building  Research  Znstltuts   consist  of  the  following: 

An  agency  in  cbaxg*  of  aib««rvMbians  has  OM  r«tpoiMi)>I«  ta^ioian  ooBowmd  iflthr 
Btxong-notlon  MrtbquaJN  obsarvatlons   and  ha  naintaina*  ehadca# 

Ilia  actual  naintanancef  checks  and  repairs  are  perfcuMd  by  an  external  engineering 
contractor  at  an  interval  once  or  twice  a  year.   The  strong-notion  earthqnalte  reoocds 
are  collected  by  Uie  reaponeible  tec^hnician  of  the  agency  or  the  estemal  mgineering 
contractor*  A  ooonon  trouble  with  all  tha  agencies  ia  obtainiiig  tbe  bodget  for 
■aintenanoe*  bheckSf  and  repairs.   This  is  because  the  fund  nust  be  raised  fron  the 
budget  under  another  iten,  and  doea  not  appear  as  an  independent  budget. 

4.  Prooeeslng  method  of  strong^noticR  earttiquake  records 

Since  the  reoord  processing  method  is  about  the  sane  zunong  all  agencies  related  to 
buildings,  the  processing  method  employed  by  the  Building  Research  Institute  will  therefore 
be  introduced  herein.    The  Building  Research  Institute  uses  roughly  3  types  of  strong- 
motion  accelerographs:     (1)  those  obtained  by  smoked  paper  recording,   (2)  those  obtained 
by  stylus  paper  recording,  and  (3)  those  obtained  by  magnetic  tape  recording.     In  the 
former  two  types,  the  original  record  is  copied  by  contact  with  the  negative  plate,  and  is 
digitize  according  to  the  flowchart  shown  in  i'ig.  4-2,  the  data  is  then  analyzed  by  the 
cooqputer,  for  generation  of  a  list  of  digitized  data.    In  case  of  the  magnetic  taper  the 
reoocd  is  directly  digitised  by  a  high  speed  analogua-to-digital  oonvartex^  and  then 
analyaad  aa   desoribad  in  rig.  4-2.    Aw  tttilisation  of  strongHaotion  eartiiquake  xecorda 
do  not  require  inudiete  evaluation.    Bowever*  the  publishing  of  tiie  analysed  results* 
before  general  engineers  and  adniniatrators  loae  their  interest  in  the  earthgualEe«  is 
necessary  in  order  to  provide  than  witii  the  significance  of  the  ntrong-notion  earthqualte 
observations,    iherafbre,  the  Building  Raaearch  Institute  has  pc«!pared  e  oaapletely  new 
process  for  all  records  •  thus  permitting  the  data  to  be  distributed  witbin  4  days  after 
collection. 

5.  Publication  of  records 

The  strong-notion  earthquake  observation  records  related  to  building,  which  have 
acceleration  values  exceeding  40  cjals,  are  sent  to  the  Liaison  Comtnittee  for  Promotion 
of  the  Strong-Motion  Observation  Project.     These  records  are  then  published  semi-annually 
as  original  records   (anal<J9ue  values)   mcludir.g  the  additional  information  relative  to  the 
seismic  center,  seismic  scale,  time  magnitude,  and  seismic  scale  distribution  at  various 
places.    The  Building  Rese£u:ch  Institute  published  the  digitized  tables  and  analized  results 
of  the  nain  atxong-ootlra  earthquake  records  in  Annual   Rasaareh  Work  of  the  Building  Be- 
aearch  Institute,  the  B.R.I.  Research  Paper,  the  Mews  of  Japan  Societgr  fbr-larthviake 
Bngineerlng  Praa»tion«  etc.    In  addition*  about  once  a  decade*  the  "Digitised  Stroog^NDtion 
6arthq:aake  Aeoelerogran  In  Japan"  is  also  published,    this  data  contains  sarthqtuakes  looa- 
tion  of  eaidi  observation  point*  incessant  treiRor  Fourier  epectra  of  the  point,  the  estemal 
view  photo  and  sectional  view  of  the  building  in  whidi  each  strong-nntion  aeoelerograph  ia 

IV-U 


Digitized  by  Google 


iMtalMr  stKong-aotion  Moords  md  tiiair  digitlaad  t«bl«a*  M^pofwe  tpsetta  of  diftloctt^ 
tion,  apMd  «iid  aeoalmitiam. 

6.   Kxi«plM  Of  tiM  pvlaelpaX  stceagnwtlon  Mucthqaak*  xveecds 

TiU*  4>2  alMM*  tbm  xvoocds  which  havs  «  wMci—  aocelciratlon  aaoaedlng  100  g«ls«  and 
fxom  those  moorda  obtalnad  on  the  1st  floor  of  foundation  of  the  building.    Also  from  these 
records    illustrated    are  the  data  of  the  strong-motion  earthquake  record  obtained  at 
Kawaglshi-cho  Apartment  of  the  occasion  of  the  Ntigata  Earthquake  (Tune  1^,  1964). 
This  earthquake  was  the  most  significant  in  the  histoiy  of  strong-motion  earthquake  obser- 
vations in  Japan,  and  tiie  record  o£  the  strong-notion  acceierograph  of  Hiroo  Town  Office 
on  the  occasion  of  the  Hitaka  Sandel  Earthquake  (July  21,  1970)  which  recorded  the  largest 
acceleration  as  ot  this  date. 
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Fig.  1—1       Sites  of  Strong-Motion  Seismograph  Stations  for  SMAC-Type 
Accelerographs.  -  Observation  Network  of  Ground  Motions 
and  Earthquake  Responses  of  Highway  BridgeSi  TuilMlBf 
DftOiB  ami  Embankments  •  aa  of  March,  1974 
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Pig.  3-2      Sites  of  Strong-Motion  Seianiograph  Stations  for  Elsctro- 
Magnetic  Type  SeismograpbB.  -  Obserratlon  netWOVk  Of 
Ground  motions  and  Earthquake  responses  of  Highway  bridges i 
Dams  and  Eaibaokments  -  as  of  Kterch,  1974 
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Fig.  3-3     A«c«tantlen  rvcords  at  ttw  Itajina  Bridg*  durfac  tb* 
BuigoBiiido  Earthquake  of  Auf  uat  6*  1968 
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Fig.  3-.J      Acceicraiion  records  on  the  ground  surface  ii«arby  Um 
Itajima  bridge  during  the  BtUfosuido  *^*thiflil«  of 
August  6,  1968 
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Pig*  3*^      Proposed  networks  of  Stroog>4lbtion  Observation  StAtiodS 
of  MinistTy  of  ConstructiOtt,  as  of  March,  1974 
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Tab.  4-2       MAIN  LIST  OF  ACCELEROGRAMS 

iUkJL,  MSG.  EXCEEis  mSB  HUM  100  GAL) 


DATE  AND  NAME 
OF  EAATHQUAKE 

EPICENTER 

DEPTH 
ka 

STATION 

mx. 

A0C8URA3I0N 

IBARAGI-OKX 

E.g. 

Vttb.  5t  1964 

140.9*'  E 
36.30  N 

60.0 

KANTO  601 

Gonken 
kisho- 
shltsu 

NS 

175.0 

EW 

NS 

109.0 

NIGATA  E.g. 
May  16,  1964 

139.2"  E 
38.4«  N 

'tO.O 

NIGATA 

701 

Kavagi  sh  i 
chci 

apartment 

155.0 

EV 

199.0 

TOKACHI-OKI 

E.g. 

(fay  16,  1968 

143. e*'  E 
40.7**  N 

0 

HK  006 

Hiroo 

NS 

182.0 

EW 

16S.0 

HIQASHIHAT8UXAMA 

E.g. 

Januuy  1»  1966 

139.4°  E 
36.0*'  H 

50.0 

IQKIO 

101>2 
(1K-024) 

E.B.I. 

NS 

106.15 

EV 

103.6S 

m 

w 

« 

TOKZO 

116-2 

<noo2) 

NS 

79.45 

EW 

111.65 

HIDAKA-SANXBI 

E.g. 

Jan.  21,  1970 

143.3°  E 
42,3«  N 

60 

UK  006 

Hiroo 

NS 

412.0 

EW 

437.0 
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THE  UMIXEO  STATES  STRONG-MOTION  NETWORK: 

FIBUt  oraioTioiis 


Richard  P.  Ma ley 
U.  S.  Geological  Survey 
San  Franciaco,  California 


JifiSTiaCT 


ni8  national  atrong-wotlco  tnstnarwntatlon  natMork  oiperated  fcy  tha  Salsnie  Bnglnaaring 
Brancb  of  tba  D.  S.  Gaologleal  Survey  is  tha  ayaten  aatabliahad  to  xaoord  tha  atrong 
votlODa  of  danaging  aarthgiiakaa  in  tho  imitad  Stataa.    Ftob  tha  original  SO  Ctoa  Standard 
inttromanta  installad  in  the  1930*8,  Ite  natmrk  has  e^»nded  to  more  than  1300  aceelezc 
graphBf  with  9  different  nodala,  located  in  35  atatea  and  9  canteal  and  South  Juaarican 
conntrlea. 

ihe  natMork  operationa  aaction  of  8BB  condueta  three  inteneeleted  field  progzaaat 

Instrument  Installation,  routine  maintenance,  and  earthquake  record  recovery.    At  the  pre- 
sent time  the  large  majority  of  instruments  being  installed  are  self-contained  three-com- 
ponent accelerographs  that  record  on  TO-rran  film.     Some  remote-sensor  accelerographs  are 
also  being  located  on  structures.     Routine  maintenance  intervals  have  been  lengthened  from 
2  months  a  few  years  ago  to  4  months,  with  the  exception  of  a  trial  area  in  Los  Angeles 
where  a  6  month  interval  is  now  in  effect.     The  higher  reliability  of  modern  instrumentation 
has  made  this  extended  maintenance  schedule  possible.    As  the  network  expands,  it  may  be 
neoeeaary  to  develop  a  Bemote  Interrogation  System  to  provide  a  method  of  determining  the 
criterion  of  the  InstnaMnta*  vital  fanetione  hy  telanatry.    After  aignif leant  earthgoakaa, 
8U  pereoanel  proa(ptly  collect  and  develop  earthquake  recorda  and  ettach  pexnanent  labele 
providing  eafficient  data  for  nost  analyaea.   Ihe  tecorde  are  then  transHltted  to  the  data 
wenegewent  eeetien  for  further  prooeeelng. 


Key  ItordB:  Acceleretsaphes  Serthquake  Data;  Barthquaka  Recorda;  Field  Statlona; 
8trong-«otlott  Betmck, 
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Introduction 

In  1932  the  tJAltod  Stntes  Ooast  s  Geodetic  Survey  (CfiGS)  Inaugurated  a  progran  of 
•txoag-notloii  aeioaologieal  woxk  designed  to  fumiah  the  engineer  and  IntMcested  others 
with  data  oooaldered  essential  to  tlie  design  of  earthquake  resistant  structures  <Cloud«  1964X 

The  responsibility  for  organizing  an  instrumentation  network  to  achieve  this  objective  was 
assigned  to  the  Seisnological  Field  Survey  (SFS)  in  San  Francisco,  California,  the  prede- 
cessor to  the  current  operating  unit,  the  Seismic  Engineering  Branch  (SEB)  of  the  Office  of 
Earthquake  Studies,  U.  S.  Geological  Survey   (USGS) .     The  progran  was  initiated  with  the 
installation  of  nine  low-sensitivity  short-period  seismographs   (accelerographs)   in  struc- 
tures selected  for  special  studies  by  local  engineers.     Less  than  8  months  later  instruments 
installed,  at  Los  Angeitis,  Vernon  and  Long  Beach  recorded  the  disastrous  1933  Long  Beach 
earthc[uake.    These  first  useful  records  of  damaging  earthquake  motions  showed  anplitudes  as 
large  as  0.25g/  thus  justifying  the  progran  and  furnishing  the  iiqpetus  for  additional  sffort« 
Ooneequentlyf  the  netMork  was  rapidly  eagwinded  to  50  instruments  located  principally  in  the 
San  Francisco  and  Los  Angeles  areas  but  extending  to  other  aeiamic  regions  of  the  vestem 
united  states  aa  well,   itie  principal  instruaent  used  in  this  netwoxk  was  the  stroog-^mtlon 
aocelexograph  designed  by  the  CSG6  in  cooperation  with  the  U.  S.  Bureau  of  standards. 

During  the  period  1936  to  1963  the  pzogratt  was  narked  by  a  gradual  inprovenent  of 
inatrtaantation  and  Methodology  and  a  slow  increase  in  the  total  mniier  of  strong-eotion 
seisaogra]^.    Over  this  period  SFS  developed  nuwerons  innovations  that  wars  subsequently 
incorporated  into  the  existing  instrumentation.    Thsse  included  among  others,  the  design  of 
a  unifilar  accelerometer,  a  strong-motion  displacement  meter,  and  light-tight  recording 
assembly.     Because  the  original  accelerograph  was  relatively  large  and  required  extensive 
maintenance  at  frequent  intervals t  the  network  was  increased  by  only  28  units  between  1936 
and  1963. 

In  1963  the  first  commercially  designed  accelerograph  featuring  numerous  engineering 
and  electronic  imiproveiDents  was  marketed  in  California.    This  instrument  overcame  many  of 
the  inadequacies  of  the  earlier  aceeleiograph  and  consequently  ushered  in  an  era  of  eub- 
atantial  juqpansion  in  the  strong-wotion  natinrk.    With  the  davwlopHnt  of  several  newer  and 
leas  eiQensive  instruwents  in  recent  years »  ths  network  has  continued  to  enlarge  at  an 
accelerating  pace.    Between  1963  and  the  present  tin^  the  nunber  of  aooelerographs  increased 
from  70  to  nppvoxliiately  1300.    Instrunentation  is  now  located  in  35  atatea«  including 
Bawaii  and  AlaAa^  and  in  9  central  and  south  Jtnerican  countries  (Figures  1  and  2) .  Because 
of  the  eapandad  network,  field  offices  have  been  established  at  Los  Angeles »  Califomiaf  at 
Las  Vegas,  Nevada,  and  at  Coluabia*  South  Carolina. 

From  its  inception,  the  program  has  received  the  cooperation  of  numerous  outside 
organizations  and  individuals.     Tn  the  early  years,  housing  and  facilities  were  provided  by 
private  and  public  organizations,  and  in  recent  years,   a  large  number  of  accelerographs  pur- 
chased by  other  organizations  have  been  incorporated  into  the  network.     In  fact,  more  than 
900  of  the  accelerographs  installed  since  1963  have  been  included  through  the  cooperation  of 
two  federal  agencies  (the  Corps  of  Engineers  and  the  Veterans  Administration) ,  two  State  of 
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Callfoxnla  agmoies  (tbs  Oivialoo  of  Hinas  and  Geology  and  tha  Oepaxtaent  of  Watar  Reaoarc«)« 
and  tha  nonaxDus  bolldlng  d^partnuita  ulioaa  codaa  zaqulra  Inatnanantation  at  varxoaa  lavala 
of  high-riaa  buildings*   Vha  Inilding  ooda  raqnirananta  vara  initlatad  in  1965  when  the 
eitiaa  of  Los  Angeles  and  Bavarly  Silla  passed  ordinances  requiring  three  acoelerographs  in 
nawly  constructed  buildings  over  six  stories  high  with  an  aggregate  floor  area  of  60,000 
square  feet  or  more,  and  every  building  over  ten  stories  high,  regardless  of  floor  area. 
This  requirement  became  more  wide-spread  when  it  was  adopted  by  numerous  other  communities 
in  California  as  a  result  of  being  included  in  the  appendix  of  1970  Uniform  Building  Code 
(Maley  and  Dielroan,  unpublished  data) .    At  this  tiae,  approximately  one-half  of  the  total 
number  o£  acceierographs  in  the  network  are  those  in  high-rise  buildings. 
Operation  of  the  Network 

Instruaentation .    The  majority  of  aooelerographs  in  tha  QSKiS  WatAonal  Hetwoxk  are  the  photo 
mechanical  type.   Bach  inatrwent  contains  accelerometexs,  'trigger,  timer  andraoocdara  all 
hottaed  in  one  instrument  case.   The  tanpieal  aoeelerometer  is  a  pendultan  with  a  mirror  de* 
signed  to  reflect  a  beam  of  light  on  to  translating  i^totografihic  film  or  paper.  Although 
there  are  six  diffsxsnt  models  of  this  type  in  the  netMork,  only  two  are  still  in  general 
eduction,  the  Kiaamatrics  sm-l  and  the  Tele^yne-Geotech  VET^ZSO  (Table  1) . 

1)  The  Standard  CfiGS  accelerograph  records  on  152*iBt  (6  indi)  or  304«mm  (12  inch) 
photographic  paper.   It  is  triggered  by  an  oil  damped  one-seoond  horiaontal  pendulum  tliat 
makes  an  electrical  contact  when  displaced.    The  instrument  has  a  fixed  operating  cycle  of 
approximately  1  minute  and  is  capcible  of  recording  five  or  six  separate  events.  Several 
disadvantages,  other  than  its  large  size  (33  x  50  x  llSan) ,  include  a  relatively  high 
standby  current,  lack  of  an  intfirnal  calibration  system,  and  the  need  for  a  darkened  room 
to  change  the  photographic  paper.     The  instrument  has  not  been  manufactured  for  several 
years  and  is  slowly  being  phased  out  of  the  network. 

2)  The  AR-240,  the  first  conparativcly  modern  accelerograph,  was  designed  and  marketed 
in  the  United  States  in  1963.    It  records  on  304-mm  photographic  paper  and  is  capable  of 
numerous  operations  because  the  supply  magazine  can  accomodate  rolls  of  paper  23m  (75  feet) 
to  46m  (150  feet)  long.   Tha  instrument  is  triggered  by  a  magnetically  damped  one-second 
eleqtrioal  contact  pendulum  similar  to  that  in  the  Standard  C&FS  accelerograph.    The  oper- 
ating cycle  is  electronically  designed  to  allow  continuous  operation  during  an  earthquake 
and  then  for  an  additional  7  ssoonds  after  the  last  pendulum  contact.    There  is  an  internal 
calibration  ayaten  that  nay  be  acti^tad  by  awit^s  on  the  outside  of  the  case  thus 
allowing  the  easy  recording  of  period  and  dawping  at  ea^  inapeotion.    Light-proof  eupply 
and  take-up  magasines  provide  for  the  retrieval  of  records  in  a  lighted  room. 

3)  The  MO-2  aocelerogri^  has  a  fixed  47  second  operating  cycle  and  is  capable  of 
registering  a  maximum  of  nine  distinct  events.     It  records  on  35-injn  film  and  is  triggered 
by  an  electronic  vertical  starter  that  is  nominally  set  to  intiate  operation  at  .Olg.  The 
instrument  has  no  internal  calibration  system.     Records  are  collected  in  a  light-proof  con- 
tainer, although  with  some  difficulty  because  the  film  must  be  mechanically  rewound  after 
recording  an  event. 
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4)  IIFT^2S0  qpw«t«ft  sij^lax  tD  tJM  prsvlottsly  dMoribed  A»-240  bat  la  MBMbat 
mntllmt  and  reoordB  on  film.    Inprovmenta  Indiiaa  tbs  alladnatian  of  standby  ooirrant 
drain  and  ttoe  inooxporatlon  of  aoalad  rochasgMtbla  battwias  into-tba  InatroMnts  baaa 
plate. 

5)  The  RFT-350  is  a  re-engineered  version  of  the  RFT-250.    It  poBsessea  basically  the 
same  characteristics  except  for  the  addition  of  an  electronic  "omnitrigger"  that  featuraa 
a  condsination  of  three  triggering  transducers,  two  horizontal  and  one  vertical.  The 
Starting  threshold  level  is  adjustable  but  is  normally  set  for  .Olg. 

6)  The  SMA-1,  a  relatively  small  accelerograph  (20  x  20  x  31cm) ,  records  on  70-tnm  film. 
It  has  the  usual  features  of  nodern  strong-motion  instrumentation  including  light-proof 
filA  supply  containsrs  capable  of  holding  23  a  of  filnir  an  oporata  cyela  ttiat  oontinuaa 

6  to  30  Booonda  aftar  tha  last  triggoring  pulsot  intatnal  saalad  battarias  and  «  alaipl* 
oalibration  systm.   Tbs  instxuMsnt  is  triggsxad  by  a  vastical  transdiioar  ealibratad  to 
atart  at  *0l9  batwaan  1  and  10  Ha.    An  alaotrioal  oontaot  1-aaoond  pandulvai  atartar  la  an 
opfeienal  faatoxa.    Approxlnatsly  30  sm-l's  now  in  ths  flald  an  aqpiippad  ulth  IMVB  radio 
raeoivara  that  laprass  raal  tiaa  signals  (Wf)  on  ths  raoord.   Bsowisa  tha  idontification 
csoda  appaars  on  WfVB  onoa  aaeh  ninute«  it  ia  nacaaaazy  to  havs  a  70-Booond  oparnting 

oyola  on  tliMo  instnvsnts  to  aassrs  raoording  of  tha  oeaplata  ooda. 

Becantly  several  aeeelazographs  utilising  ranotaly  loeatad  wiboondad-atraln-gaga  or 
forca-balanoad  acoelerometers  have  been  Installed  in  the  netvrork  (Table  II) .    The  trans- 
ducers are  encased  in  small  metal  boxes  ideally  suited  for  mounting  in  relatively  un- 
accessible  locations,  such  as  in  the  embanlcment  of  earthflll  dams  or  on  a  particular  frama 
member  of  a  building.     The  incoming  data  are  transmitted  by  wire  to  a  centrally  located 
recorder  for  amplification  and  signal  filtering.     The  signals  are  than  sent  to  a  bank  of 
galvanometers  where  the  deflections  of  a  light  beam  are  registered  in  the  usual  manner  on 
translating  photographic  film.    Sensitivity  of  tha  OQBC>onents,  although  adjustable,  is 
noznally  aa>t  to  spproxiMtaly  1.9  eai/g«  aiaiilar  to  tha  70-ib  fila  racording  aooalarograptas. 
Tha  adjvstabla  triggaring  ttarsstaold  is  sat  for  .Olg  and  is  aocapplishad  fey  sithar  using  a 
aignal  from  tba  aoealaxonwtsrs  or  fey  separate  atarters. 

Aa  an  oiptional  fa8tur#«  a  digital  dalay  naiiory  (noM)  nay  ba  inoorporatad  into  tlia 
systsn*  thus  aHowlag  tba  raoording  of  data  fron  tha  tranadnoaxa  prior  to  aotoation  of  Vbm 
raeerding  imit.    Ths  DOM  continuenaly  amitors  ths  tranaduoar  ou^ot  but  raoorda  tha  data 
only  if  tba  signal  prevas  strong  enough  to  trigger  the  inatrunent.   Since  the  data  are 
continuously  stored  for  a  short  preset    interval  and  discarded  if  not  signifioant,  it  is 
possible  to  record  the  entire  earthquake  from  a  time  shortly  before  the  P-wave  arrival. 
The  present  photo  mechanical  accelerograph  will  miss  the  initial  P-wave  motion  and  fre- 
quently will  not  trigger  until  the  S-wave  arrives.     The  DDM  functioned  well  during  testingr 
and  a  six- channel  unit  has  recently  been  incorporated  in  one  of  SBB's  recorders  for  field 
evaluation. 
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iMtmittnt  installation. 

Prior  to  preparation  of  a  sita  for  lnatad.lation  of  one  or  aora  accalMrographs,  the  SBB 
consults  with  the  instrument  owner  to  see  that  proster  facilities  are  available.  Recowiended 
site  criteria  include  the  followinft    (1)  housing  that  provides  anple  roOB  for  routine 

maintenance  plus  protection  from  weather,  flooding  and  human  interference,  (2)  a  concrete 
pad  or  floor  (well  anchored  to  underlying  soil  or  rock  if  at  ground  level) ,  (3)  an  electrical 
outlet  for  a  trickle  charger,  and  (4)  the  correct  shielded  interoonnecting  cable  if  more 
than  one  accelerograph  is  to  be  installed. 

Afto.r  station  preparations  have  been  completed,  the  iiistrument  is  set  in  place  by 
iriving  a  self  drilling  anchor  into  the  concrete  and  bolting  the  unit  securely  to  the  floor. 
Both  the  SMA-1  and  I(FT-350,  the  only  self-contained  accelerographs  currently  available,  eure 
mounted  by  a  single  anchor  that  passes  ttooogh  ths  center  of  the  base  plate.  Instruments 
installed  in  a  structure  are  normally  aligned  with  the  horizontal  accelerometers  parallel 
and  transversa  to  the  structure's  axes.    Those  located  along  major  fault  zones  as  free-field 
instruments  are  situated  with  the  horizontal  components  parallel  and  transverse  to  the  trace 
of  the  fault. 

ft  trickle  charger  is  eonnectsd  to  the  batteries  to  assurs  maintenanoe  of  proper  charge 
level.    When  no  electricity  is  available  or  it  is  not  economically  feasible  to  bring  in 
electrical  lines,  a  solar  panel  is  installed  to  suBply  the  trickly  charging  ftmction. 
Although  modem  instruments  have  an  event  indicator  that  reveals  whether  triggering  has 
occurred,  an  external  counter  is  also  attached  to  show  the  nunber  of  operations  between 
inspections. 

When  all  adjustment.s  have  heeii  completed,  a  test  is  conducted  to  record  the  alignment 
of  traces  and  rhe  period  cmd  damping  of  individ'jal  accclcroneters .     This  record  is  returned 
to  the  office  for  developing,  calculation  of  instrumental  constants,  and  permanent  storage 
in  the  station  file.    After  the  miTtrument  cover  has  been  replAced,  a  sinular  test  record 
is  put  on  the  tiim  so  that  calibration  data  will  always  precede  any  earthquake  record. 

The  final  profsedure  at  installation  is  to  fill  out  an  iMpaetion  fiozm  providing  both 
information  relevant  to  the  instrusmnt's  functioning  condition  (battery  voltage,  lamp 
voltage,  etc)  and  sufficient  details  to  determine  the  station  location,  accelerograph 
orientation,  local  contacts  and  access  to  the  site  (Figure  3) .   ^lis  information  is  ussd  by 
the  technicians  to  fill  out  access  d»«ts  that  are  later  put  in  field  notebooks  so  that  any 
SBB  monber  may  independently  enter  the  station  to  service  the  instrvnsnt  or  raoovar 
earthquake  records  (Figure  4). 

Fhotogrsphs  are  normally  taken  laefore  leaving  the  site  to  show  the  instrament  in 
place,  its  housing,  and  the  major  structure  associated  with  it. 

Routine  Instrument  ttointenance 

At  set  intervals  one  of  the  8EB  technicians  visits  each  accelerograph  stati«a  and  in- 
spects the  instrument  to  see  that  all  oomponenta  are  operating  properly  and  to  make  any 
adjustments  and  changes  required  to  kecqp  the  equipnent  functioning  at  its  maximum  effi- 
ciency.  The  following  procedures  are  carried  out  during  an  infections 
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1)  Check  the  evant  counter  for  possible  operations.     Tf  it  reads  anything  other 
than  zero,  the  potential  record  is  recovered  as  though  it  were  from  an  earthquake. 

2)  If  the  film  supply  indicator  shows  that  less  than  half  of  the  film  remains,  it 

is  replaced  with  a  new  roll.     In  any  event,  the  film  is  replaced  at  intervals  o£  every  two 
years  or  l«ss  4Bp«nding  «;tpon  tiw  hut  and  hoaldltgr  in  tiM  inateiawnt  sook. 

3)  Manually  dlQlaea  tha  triggar  pandulw  to  saa  that  it  starta  tha  aoaalazograph. 

4)  CJbaarva  tha  li^  traeas  to  aaa  that  thay  axa  on  tha  eolUaattBa  lana  at  ^ 
ooxract  laival  and  that  thay  axa  spaced  at  deaignated  locations  aexoaa  the  film. 

5)  Visually  ehaek  tha  data  trace*  for  daapiag  daflaetiona  and  froa  pariod  oaeillatlona. 

6)  Mota  idisthax  the  tiaa  uzkar  aolenoids  ore  daflacting  pzoperly*   Sinoa  tha  aAvaat 
of  ezyatal  xagnlatad  tinarSf  it  is  aoldon  nacaaaaxy  to  aaka  zagulaz  t^ats  of  tha  tipa  rata 
aoeoracy. 

7)  Maasoxa  tha  chaxga  eurxant  with  tha  iaatxuaant  on  atandby  and  tha  battaiy  load 

voltage  while  the  acoalaxograph  is  running. 

8)  Measure  lanqp  current  for  the  nominal  operating  value. 

9)  Where  several  instruments  are  interconnected,  verify  that  tilling  and  starting  sig* 
nals  are  being  transmitted  between  the  various  units. 

10}  Check  instruments  with  a  WWVB  radio  receiver  for  radio  reception  and  an  inq^ressed 
signal  on  the  time  mark  solenoids. 

After  these  procedures  have  been  completed,  an  inspection  form  (Figure  3)  is  prepared. 
The  inspection  foxas  eonaist  of  fbnx  oopy  NCR  paper  so  that  one  duplicate  nay  be  left  nith 
tha  instxiannt,  the  saoond  in  tiw  station  fllasf  tha  thixd  with  tha  instxuasnt  omar,  and 
ths  fourth  in  a  aastsx  file  at  SBB'a  main  offioa  in  San  Franoiaoo. 

Thaxtt  axa  a  laxga  nusbex  of  pxoblana  that  stay  be  obaaxvad  duxing  an  inqpeotienf  but 
noat  of  theae  axe  Minor  and  inoonaegiiiential  to  the  ef f  ioieni:  aoqiiiaition  of  atxong-aotlon 
data.    Bona  of  l±e  aoxe  sexions  aalfunotioas  that  cause  total  instxuMntal  failuxe  ox 
jeqpaxdise  the  xeooxding  systsn  axe  siasMxisad  in  the  fbllowing  paxagxapha. 

1)  Looae  instxisMnt  mounting.    Frequently  the  anchors  ijdMdded  in  oonerete  loosen 
after  installation  resulting  in  a  loose  instrument  within  the  next  several  Montlis.  Its' 
tightening  the  anchor  nut  eliminates  this  problem. 

2)  Electronic  breakdown.     A  number  of  solid-state  failures  may  occur  including  those 
within  circuit  boards  regulating  the  trigger  and  operate  cycle.     In  the  first  instance,  the 
instrument  will  not  start  and  in  the  second  instance,   the  instrument  will  not  turn  off 
after  having  been  triggered.    Other  fed-lures  have  occurred  in  circuit  boards  governing  the 
■Dtor  drive*  tiaie  pulse  generator r  and  oalihration  ayatana.    The  inspecting  teehnieian 
caxxiea  a  supply  of  those  ocapanents  in  the  field  and  oan  xeadily  xaplaoe  tha  aalfoaotioning 
units  ehan  thi^  axe  disooverad. 

3)  Penex  lose.    Power  loss  has  been  a  aajor  long-standing  pcobleai  with  stxong^ROtion 
aooelexographs  but  of  a  diminishing  nature  since  snail  trickle  chaxgaxa  were  installed 

on  the  batteries  aftsx  SBB's  eiqpexieaces  in  the  1971  San  Fernando  earthquake  (Malay*  1971). 
Sane  of  the  j^mblena  that  xenain  axe  the  oceaaional  fareafcdown  of  ^laxgexs*  nomal  battesy 
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failure,  loss  of  electrical  power  and  subsequent  charge  current,  and  the  corrosion  of 
battery  terminal  connectors. 

4)  Mechanical  inalad]jstraents.    The  l-second  horizontal  pendulum  starters  may  become 
offset  and  if  this  is  sufficient  to  make  the  electrical  contact,  the  instrument  will  trig- 
ger and  not  tur.i  off  until  the  batteries  have  gone  dead.    The  electronic  vertical  starters 
somethimes  sag  until  they  cone  to  rest  on  their  loirer  atops. 

Other  problene  in  this  otegory  include  txeoe  drift  that  my  result  in'  total  loss  of 
one  or  aoxe  ohennels  of  data,  the  loss  of  tiaie  nark  solenoid  defleotiona  reeulting  in  the 
oodasion  of  tisM  signals  on  the  reoordr  and  cosiplete  or  partial  failure  of  the  film  drive 
neehanisn. 

5)  Bnvironaental  problens.   Bxcessivs  heat  and  hunidl^  nay  cause  Isvainent  of  the 
nooMl  instruBsntal  pperatlont   Occasional  flooding  has  oocurred*  resulting  in  total  dis- 
ablsmsnt  as  well  as  an  savensive  rqpair  bill*    Bnaan  interference  is  also  a  problsBf 
•oastiNBa  nersly  fCD»  the  curious  but  at  other  tlws  ftam  vandals  bent  on  destruction,  in 
ens  instaneef  a  locked  accelerograph  building  was  broken  into  andthe  instronent  pried  off 
its  mounting  and  then  thrown  into  an  irrigation  canal. 

Most  of  these  problems  can  be  handled  intnediatoly  during  the  irspcction,  but  when 
field  repairs  are  not  e^edient,  the  instrument  is  removed  and  taken  to  a    SEB  shop  for 
renovation. 

Until  the  mid  1960's  the  national  network  consisted  chiefly  of  Coast  and  Geodetic 
Survey  Standard  accelerographs  and  a  lesser  number  of  AR-240's.    At  that  time  it  was 
particularly  important  to  see  that  each  instrunent  was  kept  in  good  operating  condition 
becanss  there  were  relatively  few  stations  to  record  any  one  earthquake.    Since  Urn  exist- 
ing accelerographs  were  slightly  less  reliable  than  those  developed  in  recent  years,  a 
oMxii—i  inqpection  Interval  of  2  nonths  was  considered  necessary  to  obtain  a  hi^  data  re- 
turn.  As  the  netMork  was  rapidly  mlarged  by  the  influx  of  newer  and  nrae  reliable  in- 
stranents#  the  inspection  period  was  lengthened  to  3  ■onths.    Bven  with  this  qwarterly 
scheduling,  it  was  impossible  for  the  lisdted  9BB  etaff  to  keep  up  with  the  accelerating 
nwber  of  new  installations  and  inspsctions  required. 

After  a  1974  study  of  onintenance  piocedurss  in  the  network,  that  was  by  now  heavily 
weighted  with  highly  reliable  instrumentation,  it  was  detemined  that  the  service  interval 
could  be  further  lengthened  to  4  months  with  no  significant  decrease  in  operating  eff icjency 
The  entire  network  is  now  being  maintained  at  4-tr.onth  intervals  except  where  chargers  have 
not  yet  been  installed  and  for  rr^ore  than  100  buildings  in  the  Los  Angeles  area  a  test 
is  beinq  conducted  using  6-month  inspections.    This  excludes  sone  more  critical  or  trouble- 
prone  stations  that  are  serviced  more  frequently,    should  this  t;est  prove  successful,  SEB 
intanda  ultimately  to  convert  the  entire  network  to  a  6'40nth  aaintenanoe  schedule.  Be- 
oanaa  a  large  part  of  technician  tine  le  ai^eaded  in  sli^ly  traveling  to  the  atationB,  the 
less  frequent  inqpection  interval  provides  for  nore  tiM  to  be  ussd  in  servicing  the 
instrunent,  thus  resulting  in  better  perfomance.    This  trend  was  indicated  by  the  1974 
stu^  of  aaintenanoe  procedures. 
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SGB  is  Striving  to  achieve  a  95%  success  rate  in  keeping  the  instriunentation  opera* 
tional.    This  seems  to  be  a  desirable  goal  when  one  considers  the  unpredictable  recurrence 
interval  for  strong  earthquake  motion  at  any  particular  location.    An  instrument  may  re- 
main virtually  idle  and  not  record  important  data  for  20  years,  but  when  &s\  earthquake  does 
occur,  if  the  instrument  is  not  operational,  a  unique  opportunity  for  recording  damaging 
motion  at  that  site  may  be  lost.    The  extremes  in  significant  recording  intervals  are 
shown  by  Long  Beach,  where  an  important  record  was  obtianed  8  months  after  the  instrument 
mm  invtalXed  (only  Mveral  reoocds  of  Biaor  iaportanoe  have  been  obtained  aubeeqaantly) , 
and  San  DiegOf  wliere  no  significant  record  lias  been  obtained  in  the  41  year  history  of  the 
station.    Hie  necessi-^  of  keepin?  instrtanents  in  good  condition  in  the  eastern  United 
States  is  of  even  greater  inportance  becattse  the  probability  of  a  damaging  earthquake 
ocourring  in  any  period  of  tiae  is  considerably  less  than  in  California. 

ft  longer  inspection  interval  will  hdp  keep  paoe  with  the  naintenanoe  of  a  rapidly 
aiq^anding  netwodck  for  sooe  tine,  but  if  in  the  next  several  years  the  nusber  of  aocelexo- 
graphs  dovfbles  or  triples*  sons  alternative  nethods  imst  be  oonslderad.    One  that  perhaps 
offers  the  most  pronise  for  the  future  is  the  develppnent  of  a  Remote  Interrogation 
^stem  (Ris)  to  detemiitQ  instrument  operating  capability  fey  a  teleoKtxy  link  to  a  central 
control  unit. 

The  development  of  a    RIS  could  allow  !na i ntenance  persrjnne'?  to  remotely  interrogate 
any  accelerograph  for  the  condition  of  vital  instrur.ient  f u:ictio:'.a  such  as  proper  triqqcring» 
battery  voltage  under  load,  amount  of  film  remaining,  and  the  numincr  of  events  recorded. 
The  interrogation  could  be  preprogrammeci  to  cover  riny  <5et  of  stations  or  manually  operated 
to  select  an  arbitrary  group  ot  stations.     S£B  technicians  may  effectively  inspect  the 
network  at  frequmt  intervals  and  yet  make  actual  on-site  field  maintenance  visits  only 
when  serious  malfunctions  are  observed.    It  is  anticipated  that  other  than  such  required 
maintenance  trips «  each  instrument  would  be  thoroughly  serviced  annually. 

A  second  function  of  the  RIS  would  be  to  qosrsythe  event  counter  of  any  selected 
group  of  instruments  after  a  local  earthquake.    Although  most  felt  earthquakes  are  not  of 
engineering  8ignificaac«f  reoords  at  a  particular  site  may  be  of  special  value  to  some 
enignesra,  geologiata,  or  seiamoIogiatB.    The  event-counter  interrogation  would  sinplify 
the  recovery  of  such  records  and  would*  to  some  extentf  define  the  time  of  occurrence  of 

minor  earthquake  records  that  are  collected  during  routine  servicing. 

Besides  its  obvious  advantages,   tlie  RIS  would  pay  for  itself  over  a  period  of  years 
by  reducing  the  mean  annual  mdintenance  costs,  primarily  that  of  travel  and  manpower.  As 
the  system  become  operational,  it  would  allow  an  increase  in  the  network  size  while  per- 
mitting more  effective  use  of  personnel. 

Earthquake  Record  Recovery 

Post  earthquake  procedures  in  the  handlii'.q  of  recortir;  cover  three  broat:  pliase??: 
15    tJie  actual   retrieval  of  record.s  from  inciividuai   instrument  sites,   2)    the  photographic 
development  of  records,  and  3)    the  labeling  of  the  records  with  sufficient  data  for  most 
routine  analyses.     Becaiise  of  the  large  number  of  small  earthquakes  that  occur  in  California, 
this  is  nearly  a  continual  process  although  at  a  substantially  lower  level  than  after 
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a  aigniflcattt  event. 

K  casual  review  of  th«  numibex  of  xeooxds  obtained  during  some  recent  earthquakes  shows 
tha  magnitude  of  the  recovery  and  documentation  that  will  be  required  during  future  large 
shocks.    In  1968/  114  records  were  obtained  from  a  magnitude  6.5  earthquake  that  occurred 
210  Ksa  from  Los  Angeles.     During  th?  1971  San  Ferrianco  earthquake,  241  accelerograms  and 
at  least  100  aftershock  records  were  recorded.    The  magnitude  5.9  Point  Mugu  earthquake  in 
1973  produced  318  acceleroqraoh  records.     Even  the  recovery  of  lesser  Interast  records, 
such  as  from  the  Point  Mj.gu  earthquake,  presents  a  formidable  task. 

The  interrogation  system  proposed  above  will  be  of  considerable  assistance  in  record 
recovery  as  it  nay  be  used  to  monitor  Inatrment  oparBtlana  after  locally  felt  earthquakes 
that  otherwise  axe  not  damaging  and  of  relatively  little  significance.  For  instance* 
quent  saaller  eaxtbetuakee  are  felt  in  the  hoB  Angeles  area*  but  it  is  iivossible  to  detex* 
aine  idiicdi  instrvnents  have  been  triggered  without  actually  visiting  each  site. 

Oansidexing  the  pxesent  size  of  the  network  in  aouthezn  California,  an  earthqiiake  in 
the  magnitude  6.5  range  near  Los  Angeles  would  result  in  700  original  records  and  at  least 
200  sftershoek  records.    It  Is  estimated  that  sosis  3,500  feet  of  data  would  be  siaultane- 
Ottl^r  obtained  on  a  variety  of  recording  media,  i.e.,  152-flmi  and  304-an  photographic 
paper  and  35-iai  and  70-aB  film.    To  collect,  develop,  and  label  such  e  large  set  of  records 
fron  a  single  event  is  a  project  of  staggering  proportions*  particularly  lAen  a  large 
amount  of  time  must  be  allotted  to  dealing  with  the  inquiries  from  engineers,  scientists, 
and  public  officials.    For  example,  it  took  nearly  4  weeks  effort  by  the  entire  SFS 
staff  just  to  collect  and  develop  all  the  records  obtained  during  the  Sanfemando  earth- 
quake. 

After  an  earthquake,  SEB  field  personnel  proceed  to  the  spicentral  area  as  rapidly 
as  possible  to  retrieve  records  and  return  the  instruments  to  their  pre -earthquake  condi- 
tion.   They  carry  sufficient  provisions  needed  for  extensive  recovery,  especially  loaded 
film  and  paper  magasinea  to  replace  those  that  have  substantially  reduced  supplies  because 
of  the  earthquake  operations.    Opon  entering  the  statical  the  tecdiniolan  will  eAiedc  the 
signal  counter,  put  calibration  data  on  the  record,  and  advance  sufficient  film  into  the 
take-iV  magaslne  to  assure  protection  from  light  when  the  inetrument  is  opened,    ^le  xe- 
oord  is  then  removed  and  labeled  (etdied  on  film  or  written  on  paper)  with  the  station  namst 
aocelexograph  serial  nusber,  date  of  record  recovery,  and  date  of  earthqaake,  if  known. 
Finally,  the  accelezograph  is  restored  to  its  normal  operating  condition  and  the  counter 
reset  to  aero. 

The  records  are  returned  to  the  local  SEB  office  for  photographic  procesaing.     In  thm 
past,  this  has  been  accomplished  by  sight  developing  because  of  the  instruinents '  variable 
lamp  intensity  and  the  possibility  of  accidental  fogging  during  record  recovery.  Consid- 
ering the  potenciaiiy  large  number  of  records  from  future  earthquakes,  some  effort  is 
being  expended  to  provide  automatic  developing  procedures.    A  paper  accelerogram  processor 
is  being  tested  tihat  will  develop,  fix,  and  dry  the  records  in  one  operation,    A  TO^mi  film 
dryer  is  now  in  opsration,  and  the  use  of  complete  film  pcocessing  systems  axe  being 
investigated. 
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After  dmvtiLeiBmmat,  tha  xmooxdm  axm  tMtporarlly  lalMl«d  by  affixing  a  guanad  ■tiok«r 
with  tlM  statloa  naam,  inMruBunt  iinAaKf  and  data  of  the  aartltquaka.    Barauiaiit  labala  ara 
latar  pKoduoad  liy  tiypiliig  tba  feUgwing  infMnation  on  natta^finiih  nfla*  plasties  atetioa 
Tomm,  pannnant  atation  iraai9arf  iaatnmnt  type  and  aarial  nmbmrt  data  of  aarthg^aka  in 
botit  GMS  and  local  ttim»  and  tha  physi^il  oonatanta  of  the  Individual  co^ponanta  including 
orientation,  sensitivity,  period  and  damping  (Figure  5).    fbaaa  labala  are  spliced  directly 
to  the  original  record,  normally  just  in  front  of  the  pre-earthquake  calibration  data.  The 
records  are  then  transferred  to  SEB's  data  management  section  for  the  pradoetion  of  dis- 
tribution copies  and  subseqvient  processing  and  analysis. 

Vhe  stxeng-mtlon  pcograw  oondaeted  by  tha  SelBnic  Engineering  Brancbf  U*  8.  Geological 
Survey  la  supported  by  national  Seianoe  Foundation  grant  (llSf-ClUJ.4) .   liha  author  la  In- 
debted to  tfta  ataff  of  the  fleianio  Bnglnearlng  Bran^  who  provided  nmerous  valuable  auggea- 
tion*  Airing  the  pr«!par«tio«  of  thie  p«per. 
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U.  S.  GEOLOGICAL  SURVEY 
SEISMIC  ENGINEERING 


»TE  6-5-74 

STATION      11611  San  Vicente  Blvd.   STATION  #  875 

ADDRESS  Brentwood  CITY    Los  An&eles 

CONTACT        Fad  Wll^y   PHONE  826-0889 

raSITION      aiiildiag  Bniln— r  'KEYS  i  

INSHttMENTS     SMA-i   s/n  UU  an4      L-  .     ^  05  w 

s/n    1415  6th  V-  Down  _ 

  S/n   1416  aoof (11)  T-         S  85  E 

TOM  SHEET    tt/weU  gUl»   CO-flW>34.05  W   U8.25  W 

THOms  mP  !>.#      LA-»1  CROSS  STREETS  S.  Tlomf  -  BrlartWi 

OWNER  CODE         tA  ORIENTATION  VERIFIED  Ye»  

DESCRIPTION  Enter  pfcng*  fwm  rear.  Ctomd  -  tatmt  >ee«  tovm  trcm 
drlvwy  to  groMiJ  lewl  ^ag.  (San  Vlcenf  aide) .   6th  -  en  central 
cere  eaet  of  el>   Eoef  -  el«  to  10»  IW  ataira  te  reof»  3rd  door  


In  penthouse. 


Figira  4.  Typical  acoeltrograph  station  accass  slwat. 
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Strong-Notion  Data  HmrngmmA 

Christophei-  Koiahn 

D.  S.  Geological  Survey 
San  Francisco,  California 

ABSTRACT 

The  Seismic  Engineering  Branch  (SEB) ,  of  the  Office  of  Earthquake  studies,  U.  S. 
Geological  Survey,  is  funded  by  the  National  Science  Foundation  and  is  responsible  for  the 
davalppBiant  and  ■alntsnancv  of  a  naticaial  natmork  of  stroog^BOtion  instnmnits  and  for  tba 
proceaslngf  nanaigenentf  and  dissenlnation  of  data  obtained  from  those  Imttruaanta.  Data 
nanagamant  is  eoAtral  to  the  entire  strong-notion  program  It  serves  as  a  focal  point  for 
tlie  functions  of  arcMvlng  the  records »  processing  the  data,  and  disseminating  both  the 
data  andinfonDation  about  the  program  to  the  user  ooonunlty-    Xn  the  archival  phase,  all 
records  are  stored  by  station  and  cataloged  both  by  event  and  by  station.    In  data  pro- 
cessing, all  significant  ground  and  basement  level  records  are  digitised  after  lAiLtAi  the 
raw  digitised  data  ie  used  to  generate  the  following:    uncorrected  aoceleration  tins- 
histories  f  velocity  and  displacement  time-historiesi  and  various  forms  of  frequency  domain 
^•otra.    Both  SEB  and  the  Environmental  Data  Service  of  the  National  Oceanic  and 
Atmospheric  Administration  arc  involved  in  the  data  and  information  dissemination  opera- 
tion.    Each  organization  distributes  data,  whereas  SEB  is  solely  responsible  for  the 
dissemination  of  information  about  the  stronq-motion  program.     Various  U.  S.  Geological 
Survey  professional  papers  and  circulars  are  the  primary  media  through  which  the  latter 
function  is  accomplished. 


Key  Herds:    Accelsrogra]^;  Data  Processing;  Bartfa<iuake  Records;  Strong-eiotlon  Dat» 
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iBtrodiaotlon 


TtM  Selnic  BnginMrlng  Branch  (SEB)  of  tlw  Office  of  Earthquake  Studlee*  O.  S.  Geo- 
logical Survey  (Dtpartnent  of  interior) ,  la  reeponslble  for  the  develofmnt  and  Maintenance 
of  a  national  netiiotk  of  strong-notion  instrunents  and  for  the  processing^  storagOf  and 
disseoiinatlon  of  data  obtained  from  those  inetniuMtts.    In  order  to  carry  out  these 
responsibilities^  8BB  omcentrates  ite  efforts  on  the  following  activities  i  prograa 
Bsnagaamitf  network  design*  network  operations*  data  nanaigansnt«  and  resesrdi'and  spplie*- 
tions.    Data  nanageaent*  the  subject  of  this  pspsr*  is  central  to  8BB*s  sntire  strong- 
notion  program.    It  serves  as  a  focal  point  for  tAie  functions  of  CD  srchiving  tihe  records* 
(2)  processing  the  data,  and  (3)  dlsseninating  both  the  data  and  information  about  tiie  pro- 
grant  to  the  engineering  seismology  research  community,  the  structural  design  communis, 
and  regulatbry  agencies  at  the  Federal,  State,  and  local  levels.    All  three  functions  are 
discussed  in  detail  in  subsequent  portions  o£  this  pj^r. 

Badwronnd  Infornatlon 

SBB*s  data  ■anagament  functions  were  first  outlined  in  a' proposal  subadtted  to  the 
national  Science  Poundaticn  (HSF)  in  Jttly  1974.   During  the  year  prior  to  that  tisM*  SIB 
operated  under  general  NSF  funding  in  a  tranaitional  stage  during  idiioh  its  respon^i- 
bilitles  and  fonotions  were  fbnnilated  and  defined  in  detail.   Before  tiiat*  (i.e.r  vp 
until       21 1  1973*  when  SEB  was  foroMd  as  part  of  the  0.  8*  Geologloal  Survey),  tiie 
office  existed  as  the  Seisnologioal  Field  Survey  (SVS)  in  the  Hational  Oceanic  and  Atws^ 
pherle  Adninistration  (HQMk)  of  ths  U.  S.  Department  of  Commerce.    In  general,  the  SFS  had 
fewer  responsibilities,  a  smaller  staff,  and  substantially  less  funds.    In  particular,  the 
data  management  function  was  the  responsibility  of  NOAA's  Environmental  Data  Service  (EDS). 

As  a  result  of  the  July  1974  proposal,  NSF  awarded  SEB  a  grant  of  $700,000  annually 
to  develop  and  assume  primary  responsibility  for  the  U.  S.  strong-motion  program.  The 
funding  was  approved  in  principle  for  five  years  and  will  be  increased  annually  in 
acoordsnce  with  a  noadnal  inflation  faotor.    Of  the  total  annual  aaount*  $240*000  has  besn 
allocated  for  data  managenent  (FV  1975) .   Xhis  level  of  funding  has  snsblsd  SEB  to  acqolre 
three  additional  staff  neabsrs  in  data  manageoMnt.   Oooseqinently*  in  addition  to  the  pro- 
ject ohief  t  'Oiere  axe  now  six  persons  working  on  data  ■aBsgenent'— one  geoptayslelst*  one 
aatheBatioian*  ons  ooqpoter  specialist*,  tsiio  physical  selenee  teohnicisns*  snd  one  clerk 
typist,    m  oontraet*  there  are  16  persona  assigned  to  ether  SBB  projects  (22  staff  MidMre 
in  total) . 

In  its  present  form  the  national  network  of  stxcmg-notion  instrunents  oontalns 
•  approKinBtely  1300  accelerographs  located  primarily  in  California  but  alao  thrdoghOwb  Vkv^ 
remainder  of  the  seismically  active  areas  of  the  U.  S.    The  instruments  are  owned  by 
Federal,  State,  and  local  agencies,  universities,  private  firms  and  individuals,  and  other 
independent  groups.     SEB  acts  as  the  primary  coordinator  for  the  development  and  mainten- 
ance of  the  entire  network  and  assumes  overall  responsibility  for  record  collection*  record 
archiving,  data  analysis  and  data  dissemination. 

At  present*  the  vast  nuijority  of  instruasnts  in  tits  network  are  trlaxial  opticnl- 
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mechanical  accelerogr^phs  that  record  three  strong-motion  traces  per  record.  Among  the  new 
Installations,  however,  are  remote  recording  systems  that  record  up  to  12  strong-motion 

traces  per  record.     In  addition,  direct  digital  recording  systems  arc  also  expected  to  be 
installec  in  the  near  future.    These  differences  in  the  types  of  recording  systems  and  the 
number  of  traces  per  record  have  made  it  necessary  to  design  a  data  management  system  that 
ccui  handle  a  variety  of  data  forms. 

Archival  Syatca 

As  of  Daeaiibar  31,  1974  approxinataly  3200  atranig-iiotloa  records  had  been  obtained 
fron  the  national  network  of  strong-notion  Instruments.    Although  the  first  record  was 
generated  In  1932,  the  vast  najoEri^  have  been  obtained  since  the  mid- 1960' s,  lAen  the 

number  of  instruments  in  the  network  began  to  increase  rapidly.    Many  of  the  recorda  are 
on  6-inch  and  12-inch  (152-mm  and  SOS-mn)  paper,  a  few  are  on  35-mm  film,  but  most  are  on 
70-min  film.     It  is  expected  that  most  of  the  records  obtained  in  the  near  future  will  be 
on  70~mni  film,  a  substantial  number  of  others  will  be  on  various  sizes  of  paper  and  film 
(12-inch,  35-imn,  and  others),  and  a  few  will  indoubtedly  be  on  magnetic  tape. 

The  records  are  archived  by  statior.,  which  is  defined  as  the  geographic  location 
at  which  an  instrument (s)  is  (ace)  located  (e.g.  a  building  housing  three  instruments  con- 
stitutes one  station) .    There  are  one  or  more  storage  containers  (depending  on  the  nonber 
of  existing  rwords)  reserved  for  each  station.    The  3S-na  and  70-nn  flla  records  are 
stored  In  2  7/8^1nch  (73-iim)-hlgh,  3  3/4-lnch  {95-am)  inner  diameter  light-weight  aetal 
caniaters;  the  lerger  flint  and  paper  records  are  stored  In  15-lnch  (38l''nBi)-lcog,  2  7/8- 
indh  (73-mB)  inner  diameter  nadiunr^all  cardboard  ttibes.    Bach  container  Is  labeled  with 
the  station  name  (address  or  stmetore  title) ,  assigned  station  nunber«  and  date  of 
event  (eJcC  records  stored  therein.    Measnres  have  been  taken  to  msura  that  the  archival 
roan  Is  as  fire^proof  as  possible. 

Prior  to  pemanent  at»aga,  tiie  records  are  labeled,  and  high-quality  dlgitisable 
mylar  copies  are  made  of  all  those  considered  significant  (In  general,  ground  or  basement 
level  records  having  a  maximum  acceleration  greater  than,  or,  equal  to  O.lOg). 
Beginning  in  middle  or  late  1975,  one  xylar  copy  will  be  sent  to  each  of  the  following: 
the  SEE  branch  office  in  Los  Ar.qelea;   the  California  Institute  of  Technology  in  Pasadenii; 
the  Environmental  Data  Service,  NOAA,  i:i  Boulder,  Colorado;  and  the  instrument  owner.  All 
other  records  are  archived  without  being  copied  unless  there  is  a  specific  request  to  do 
so. 

One  other  iiiportant  part  of  the  archival  process  is  the  preparation  of  an  'event  and 
station  Infomatlon  card"  (figure  1)  for  eath  strong-aiotlon  record.    The  card  Is  prepared 
as  soon  as  a  record  Is  received  and  contains  all  pertinent  station  and  event  Infoxmation, 
instmnents  constants,  naxinun  aoeeleratims  and  epi-central  distance.    Gne  copy  Is 
filed  in  a  station  flle#  and  a  duplicate  is  placed  in  an  event  file.    Eventually «  the 
Infomation  f ram  both  files  will  be  pi^lished  in  catalog  f om  and  will  be  made  available 
on  a  ccnputeriaed  data  file  that  can  be  goeried  by  renote  terminal. 
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SEB's  data  procesaiag  ayatan  la  avolvlng  fxoH  in-houaa  davaloiianta  «bwt  ■nidi  of  It  la 
pattamad  af tar  tha  aathodolegy  davalopad  fay  tha  Gallfocnla  Uatltuta  of  TMhnology  (CIV) 
dnrljig  tha  digitization  and  analyais  of  tha  F^uary  9«  1971  San  ranuutdo  aarthqvaka 
atrong-iiotion  reoorda  (1).   Prior  to  the  award  of  tha  1974  NSP  grantt  SBB's  data  proeeaalng 
•yatan  was  sMllar  in  aeopa  though  aliaiar  in  font.   Pr»»«itly,  it  ia  taaiag  aicpaadad  to 
handla  a  larga  woluna  of  raooxda  in  a  ralativaly  ahoct  tlaa* 

Aa  a  aattar  of  oouraor  SBB  plana  routinaly  to  pteeaaa  all  aignif leant  ground  and  baaa- 
■ent  level  records.    The  ^njceaaing  of  each  record  can  ba  aubdivided  into  aavaral  ihaaast 
record  digitization;  conversion  of  raw  digitized  data  to  uncorrected  data;  conversion  of 
uncorrected  data  to  corrected  data  and  the  generation  of  velocity  and  displacement  time- 
histories;  and  the  generation  of  various  forms  of  frequency  domain  spectra.     Phases  two 
through  four  are  accomplished  through  the  use  of  three  computers,  a  CDC  6400,  CDC  6600,  and 
a  CDC  7600,  all  of  which  are  located  in  Berkeley,  California.     All  computer  programs  are 
suljniittcd  in  batch  or  time-share  mode  cither  at  Berkeley  or  via  one  of  the  reaK>te  terminal 
systems  at  the  U.  S.  Geological  Survey  (USGS)  computer  center  in  Menlo  Park,  California. 

The  ficat  phaaa  of  data  prooeaaing  (i.e.  raoord  digitisation)  ia  not  carried  out  in- 
houaa.    inataad,  digitixation  aarvioaa  are  being  pirocured  fz«n  the  folloMlng  external 
organisational   Oynanio  Graiphics  of  Berkeley »  Calif oxniai  I/O  Matrioa  of  fiunnyvalat  Call- 
fomlai  and  EDS/MOM  of  Boulder*  Colorado.    Dynanie  Graphies  usea  a  nannal  film-plane  digi- 
tiser  and  ia  presently  able  to  digitise  both  enlarged  flln  and  noraal-sised  paper  reoorda 
on  a  routine  baala.    The  ayatem  ia  particularly  epproprlate  for  those  rMords  that  cannot 
ba  digitised  autaBatieally«  tiiat  ia*  thoaa  records  that  are  not  well  defined,  axe  non- 
continuoua,  and  have  overlaivlng  traoee»   Nomally*  the  fim  ie  requeeted  to  digitise  all 
peaks,  valleya*  and  inflection  points  at  a  minimum  rate  of  50  points  per  second.  I/O 
Metrics  has  developed  an  automatic,  laser-beam,  trace-following,  film-plane  digitizer 
and  has  satisfactorily  demonstrated  its  capcibilities  in  a  limited  trial.     Film  records 
may  be  digitized  directly,  whereas  paper  records  must  be  reproduced  on  70-mm  film  before 
digitization.     The  system  is  especially  appropriate  for  well  defined,  continuous,  non- 
overiapping  traces r  and  is  notable  for  its  high  processing  speed  potential  (the  firm 
estimates  that  it  can  aoourately  digitize  an  average-sized  strong-motion  record  in  half 
an  hour),    llomally,  records  are  digitised  in  increwenta  ranging  in  width  fron  2S  to 
SO  sdcroa.    BDS  uaes  an  autonatlc  faater-8canning#  eqiual-incrensnt  digitising  systan 
(VISIOOK)  which  ia  capable  of  acannlng  a  13  x  35-lnch  (305  x  635-Hn)  record  at  a  ■axiiw 
rate  of  300  aanples  per  inch  (epproxiaately  79  aaaples  per  oentlMter) .    Becords  digi> 
tited  en  the  system  are  currently  being  evaluated  by  SBB.    It  is  antielpatedf  however, 
the  system  will  be  satlsfaetccy  for  processing  both  paper  and  enlarged  film  records*  In 
total  r  tha  three  external  organisationa  collectively  provide  SEB  with  the  eaftability  for 
digitising  a  large  voltM  of  reoozds  in  a  relatively  short  tine. 

SBB  requires  that  each  external  organization  submit  its  digitised  data  on  magnetic 
tape  or  punched  cards  in  a  preselected  format,  and  that  it  be  accompanied  by  a  full-scale 
plot  o£  the  data  (a  plot  at  3x's  scale  is  also  frequently  required  for  film  recorda).  Bach 
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plot  then  undergoes  a  quality  control  check  whereby  it  is  visually  compared  to  the  original 
record  (or  3x's  scale  copy)  with  the  aid  of  a  low-power  magnifying  lens.     If  the  plot  of 
the  digitized  data  appears  to  be  truly  representative  of  its  analog  counterpart  the 
digitized  data  are  accepted  for  subsequent  phases  of  processing.    I£  not,  the  origineLL  rec- 
ord is  radigitized. 

In        Moond  phaM  of  data  jpraoMaiim*  tSia  caw  di^ltiaad  dAta  ara  oonvavtad  to  iiihat 
la  xafaxrad  to  aa  *uncorractod  data"  <2)  *    At  this  tin**  all  pvar  or  filv  dlatortlons  ara 
raanvad*  and  aoealaration  and  ttna  ara  croas-oorralatad  in  ordar  to  asqpraas  accalaratlon  as 
a  function  of  tina.   Hie  final  product  is  permanently  retained  on  either  nagnetic  taipe  or 
punched  cards  (in  the  near  future*  such  data  will  also  be  stored  on  nicrofila  } ,  on  a 
digital  listing*  and  as  a  tiaa-hlBtocy  plot. 

During  the  third  phase*  uncorrected  data  are  converted  to  "corrected  data"  (3)*  and 
valoci^  and  diaplaowwnt  curves  are  generated.    ZnatruBental  and  baseline  oorreetions  are 
f ixat  applied  to  cbtaia  true  ground  acealaration  (oorcaeted  data) .    Single  and  double 
integration  processes  are  then  used  to  generate  velocity  and  displacement  time-histories. 
The  data  are  permanently  retained  on  either  magnetic  tape  or  punched  cards  (in  the  near 
future*  such  data  will  also  be  stored  on  nicrofila)*  on  digital  listings,  and  in  plot 


EJuring  the  fourth  and  final  phase  of  data  processing,  various  forms  of  frequency 
domain  spectra  are  generated.     Along  these  are  the  spectra  routinely  calculated  and 
plotted  by  CIT  (4,  5)  during  the  processing  of  the  San  Fernando  earthquake  strong-motion 
records s    wvitwiw  zelatiim  valDeity  response  spectra  (figure  2);  relative  displacement* 
pseudo  velooi^  response*  and  paeudo  acceleration  spectra  plotted  on  tripartite  peper 
(figure  3) i  and  vourier  anplitude  spectra  (figure  4} .    In  addition*  8BB  has  develcped  ttio 
other  fonis  of  plots  (6)  that  give  substantially  nore  insight  into  the  nature  of  strongs 
■otioni   relative  veloeit^  reeponse  envelope  spectra  (figure  5)  *  and  tiae-duratlon  spectra 
of  the  rei^onse  envelope  (figure  6>.   All  five  foxns  of  spectra  are  pemanently  retained 
on  digital  listinga  and  in  plot  fozm. 

Data  And  lui  :-'^:i:A-^±uri  Pis  semination  System 

Information  about  the  SEB  strong-motion  prograin  is  disseminated  solely  by  SEB,  whereas 
the  actual  strong -motion  data  are  disseminated  both  by  SKB  and  EDS.     EDS  is  the  distribu- 
ting agency  for  the  uncorrected  and  corrected  data  generated  by  SEB.    Such  data  are  nade 
available  in  punnhed  card  font  and  on  magnetic  tape  (7  or  9-traclc).    BD6  also  pzowidaB 
analog  oopies  of  stxcng-notion  records  on  7(Hb  film  clips  (approKlnately  8x*s  reduction) 
and  on  3S*«i  fila  reels  (12  *s  rsduction)  and  is  being  requeeted  to  develop  the  capability 
to  produce  blue-line  full-soale  analog  copies.    Beginning  in  middle  or  late  1975*  8BB 
will  publish  routine  data  reduction  and  analysis  results  in  a  series  of  D.  S.  Geological 
Survey  professional  papers.    It  is  expected  that  each  profeasional  peper  will  cover  one 
calendar  year  and  will  contain  the  following  data  for  all  significant  ground  and  baaenant 
level  reoords  generated  in  that  yeari   unocurrected  and  corrected  acceleration  tine* 
histories r  velocity  and  displaeenent  tine-histories;  and  the  five  fonns  of  spectra  des- 
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cribed  in  the  section  on  data  processing.  In  addition,  SEB  also  distributeSf  vpon  r«qnestf 
blue-line  analog  copies  of  all  records  not  made  available  through  EDS. 

Inf onriatior.  cUoout  the  strong-motion  proqram  is  disseminated  primarily  through  the 
following  publications:    the  "Seismic  Engineering  Program  Report,"  a  USGS  circular  p\ib- 
lished  quarterly;  "Strong-Motion  Accelerograph  Station  Locations  Listing,"  a  USGS  circular 
published  annually;  "Strong-Motion  Accelerograph  Station  Descriptions"  (tentative  title), 
a  series  of  uses  professional  papers;  and  "Catalog  of  Strong-Motion  Records tentatively 
planaad  as  a  Joint  USGS/HOM  piiblieation  (to  b«  isausd  as  a  WB8  professional  paper) .  All 
circulars  are  issued  free  of  charge  on  request  (tlie  current  nailing  list  contains  nanes  and 
addresses  of  approxinately  2300  recipients) .    The  professional  papers  receive  a  limited 
free  dlBtrifaution  but  can  be  purchased  for  a  noaixial  fee. 

Xha  first  issue  of  the  "Seisnic  Bngimaring  Program  Kspcurt"  (7)  was  published  in 
Oeceiriber  1974  as  0.  8.  Geological  Survey  Circular  713.    It  contains  a  listing  of  1972  and 
1973  aocelerograieh  records  and  a  deaoription  of  tiie  tfaen-ourrent  status  of  the  8D  strongs 
■otioo  program.    The  seoond  issue «  scheduled  tot  publication  in  the  spring  of  1974 ,  oon* 
tains  a  listing  of  1974  accelerograph  records i  two  articles  by  8BB  staff  members  (one  on 
the  Latin  American  and  Caribbean  strong-motion  programs  and  one  on  recent  developments 
in  strong-motion  instrumentation) , and  notes  on  record  corrections  and  the  availability  of 
strong-ntotion  data.     Future  issues  will  contain  similar  information  with  all  listed  data  as 
current  as  practicable. 

The  first  issue  of  the  "Strong-Motion  Accelerograph  Station  Locations  Listing"  is 
scheduled  for  publication  in  nid-197S.    It  will  contain  the  following  data  for  all  stations 
installed  in  the  national  natwork  prior  to  January  1,  197$  t    station  nnSber,  location, 
country,  structure  tY9»/BiMf  instrument  location (s)*  coordinates »  and  source (s)  for  data. 
The  list  will  be  routinely  updated  in  the  "Seismic  Bnginesriag  Program  Bj^ort."  The 
seoond  issue  of  the  listing  will  oontain  ths  same  information  for  all  stations  installed 
prior  to  January  1,  1976  and  will  be  pdblished  in  early  1977.    Similar  listings  will  be 
published  annually  thereafter. 

The  content  and  format  for  "Stzong-Motion  Aeoelerograi^  station  Descriptions*  have  net 
yet  been  firmly  established.    It  is  probable,  however,  that  the  descriptions  will  contain 
the  following:     location  data  including  the  geographic  coordinates,  road  and  topographic 
maps,  and  an  exterior  photograph;  geologic  data  including  a  brief  seismic  history  of  the 
area,  the  proximity  of  faults,  if  any,  a  verbal  description  of  the  regional  and  local  geol- 
ogy, cross-section (s) ,  formation  descriptions,  and  depth  to  water  table;  and  soils  data, 
trtien  available,  including  boring  logs  and  msasurements  of  density,  standard  penetration 
valoeSf  and      and  S-^ve  velocities.  If  tiiere  is  a  structure  at  Um  site,  each  station 
description  will  (tentatively)  include:    typical  plan  view(s)  indicating  lateral  force 
resisting  elements,  orisntation,  dimensions ,  and  the  center  of  mass  and  center  of  rigidity 
of  each  floor  or  mass  element j      ^ioal  s8ctlon(s)  of  the  full  structure  blowing  dinsn- 
slonsi  general  design  information  (e.g.,  mode  shapes  and  frequencies) f  and  tiie  source 
where  additional  information  nay  be  obtained  (e.g. ,  the  design  engineer) . 

It  is  planned  that  the  "Catalog  of  Strong^Notion  Fsoords'*  contain  a  listing  of  all 
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acceierograph  records  obtained  from  the  national  network  of  strong-motion  instruments  since 
its  inception  in  1932.    Records  will  be  listed  both  by  event  and  by  station  showing  «pi-> 
central  distance «  maximum  acceleration  whenever  available,  and  varloua  data  sources.  The 
fxaqiMOcy  Of  pobllcAticn  hM  not  y«t  lM«n  — t*li»hed»  but  Is  «v«etsd  to  hm  amnially, 
biaimually«  or  even  less  frequently. 

Summary 

The  Scisnic  Engineering  Branch  (Office  of  Earthquake  Studies,  U.  S.  Geological 
Survey)   is  funded  by  the  National  Science  Foundation  and  is  responsible  for  the  development 
and  rtiaintonancG  of  a  national  network  of  strong-motion  instruments  and  for  the  processing, 
management,  and  dissemination  of  data  obtained  from  those  instruments .     Data  management  is 
central  to  the  entire  strong-motion  program;   it  serves  as  a  focal  point  for  the  functions 
of  archiving  the  records,  procesfiing  the  data,  and  disseminating  both  the  data  and  infor- 
mation edsout  the  program  to  the  user  community.     Zn  the  archival  phase,  all  records  are 
Stored  by  station  and  cataloged  both  by  event  and  by  station.    In  data  processing,  all 
signif Icsnt  groond  and  basenent  level  reoords  are  digitised  after  whii^  the  xm  digitised 
data  is  used  to  generate  the  following:   uncorrected  and  corrected  acceleration  tine- 
hlstorles;  velocity  and  displacensnt  tiaa-historlesf  and  various  fonts  of  fregoency  doottin 
spectra.   Both  SBB  and  EDS  are  involved  in  the  data  and  infonatlon  dlssealnatlon  oparatlon* 
Each  organisation  distributes  data,  %ihereas  SBB  Is  solely  reqponsihle  for  the  dissenination 
of  Infoniatlon  about  the  strong-notion  prograa.    Various  U.  S.  Geological  Survey  pcofes- 
sional  pt^wrs  and  circulars  are  the  prlaaxy  nedla  through  which  the  latter  function  is 
acoonpllshed. 
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MSTmCT 

To  correlate  the  actual  liquefaction  phenonena  and  site  conditions,  a  literature  survey 
about  the  liquefaction  phenomena  caused  by  earthquakes  duxxng  the  last  century  in  Japan 
was  perfoKBid.   A  Uviefaotion  dlstrllMitioa  up  of  Japan  and  the  xogianal  wapB  of  Ksnto* 
Mobi  and  aokUKikvi  are  presantad  and  ^  faotors  related  to  li^faotian  are  diacoaaed. 
During  tiie  last  century  liqnefaetlon  in  snb-aoila  have  bam  obeervad  at  aooM  hundred  aitea 
during  44  earthqpMltea  lAere  the  sites  were  liaited  to  alluvial  di^pesits  and  reelaiaod  landa. 
FurthenMre»  it  waa  found  that  liquefaction  occurred  rapeatadly  in  different  earthquake 
aonaa*   The  eatii^tad  am  intenaity  scale  factor,  at  tiie  liquefied  aitea  waa  nore  Iflian  five 
vtaidh  Means  a  Mxlnm  acceleration  of  80  to  250  gals.   The  extmt  of  the  liquefied  zonea  are 
llndtiad  .  dipanding  on  the  magnitude  of  the  earthquake. 

Kay  Hbrdat    Alluvial  Deceits;  Earthquakaa;  Spicentral  Dlstancei  Llquefactioui  sectlefflent; 
So  lie. 
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Introaiictloii 

Most  stxuetural  dMMig««  caused  by  settisasnt  or  Inclination  dus  to  llqusCaotion  of 
sstoratBd  sandy  s«ibsoil»  has  inevitably  ooeorrd  during  major  sarthquakas.   In  acoordanca 
with  the  prediction  of  liquaf action  potential  of  subsoils,  a  nmlMr  of  research  efforts 
have  been  expended  by  means  of  ledsoratoxy  tests  and  in>situ  tests.    Meanwhile r  correlations 

between  the  actual  liquefaction  phenomena  and  the  site  conditions  has  rarely  been  investi- 
gated.       Rtcently,  case  reviews  on  the  correlation  of  liquefaction  have  been  performed  at 
several  sites  in  Japan  (Miyabe,   1933,  Kishida,  1969,   Ishihara,   1974  and  lida,  1974).  Be- 
cause many  interesting  facts  have  been  obtained  from  these  reviews,  more  reviews  on  this 
subject  are  expected.    This  report  contains  the  results  of  a  literature  survey  eUjout 
liijuefaction  phenomena  caused  by  earthquakes  daring  the  last  century  in  Japan. 

Liquefaction  distribution  maps  since  1972  are  presented  first  and  the  factors  related 
to  liquefactlcm  are  then  discussed.    In  the  literature  on  earthquakes »  idiiclh  caused  danage, 
theva  contains  nmdh  djpscription  of  the  liquefaction  of  the  «d>-Boil.   HOMevwtf  aost  of  the 
descriptions  before  1868*  the  idantifieation  of  liquefaction  and  its  ebaraciteristicsf 
have  been  scientifieiUly  qualified.    In  the  desoripticn«  evidences  of  liq^ofaotion  in  the 
svb-soil  are  given  from  i)  water  spouting  with  sand  or  mud  from  wells  or  cracks  in  the 
ground*  ii)  sand  boils  or  sand  volcanoes »  iil)  excessive  settlenents  of  heavy  structures 
placed  on  sand  layers^  and  iv)  uplifting  of  wooden  piles  frc«  rice  pad<^«  or  of  caissons 
under  oenatruetion  from  river  beds.    About  150  papers  or  rsports  have  provided  infomation 
on  liquefaction  during  44  earthquafceSf  as  listed  in  Table-l. 

Liquefaction  Piatributien  Maps 

sortyfour  earthquakes  have  caused  liquefaction  of  the  siib-BOll  in  Japan  during  tiie 
past  oontury.    1!he  epiewters  of  tStm  earthquakes  and  locations  where  liquefaction  has 

occurred  is  shown  in  Fig.  1.    The  cheuracteristics  of  the  earthquakes,  which  include  date, 
magnitude,  focal  depth,  epicenter  location  and  the  number  of  the  deaths  are  also  listed  in 
Table  1.     lArge  earthquake  magnitudes  cause  liquefactions  in  wide  areas  except  for  several 
cases,  as  shown  in  Fig.  1.    Among  the  large  scale  earthquakes  were  No.  4  (Nobi) ,  No.  12 
(Gono) ,  NO.  15  (Kanto) ,  No.  22   (Nishi-Saitama) ,  No.   34  (Pukui)   and  NO.  42   (Niigata)  as 
shown  in  Tckble  1  which  caused  wide  distribution  and  violent  liquefaction  of  the  sub-soil. 
Hoderate  scale  earthquakes.  No.  6  (Shonai) ,  No.  8  (Rikuu) ,  No.  16  (Tajiraa) »  No.  31  (Tonan- 
kai)  t  and  No.  44  (Tokadii-oki)  caused  local  violent  spouting  of  water  or  a  nusiber  of  large 
sand  volcanoes. 

Nieroscopio  features  of  tiie  regions  of  liquefaction  are  closely  distributed  as  idiown 
in  Figs.  2,  3  and  4  which  depict  Kanto,  Mofai  and  HOkuriku  regions,  respectively. 

Kanto  Region 

m  tiie  Xanto  region  during  the  eartliquake  No.  5  (Tol^) ,  spouting  of  water  with  dazk 
blue  or  black  fine  santf  fron  cracks  of  subground  were  observed  in  aany  places..  In  Fig.  2 
the  sites  of  liquefaction  are  denoted  by  solid  circles  with  numeral  diaractors  of  1  to  18* 
which  are  dietributed  only  in  alluvial  areas  and  eloae  to  the  epicenter.    Maout  30  years 
mftmx  this  earthquake,  the  Kanto  region  was  aubjooted  to  earthqM'ke  no*  15  (Xanto)  #  whl^ 
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was  one  of  the  most  disaBteious  earthquakes  in  Japanese  history.    Sites  of  liquefaction, 
during  this  earthquake,  as  denoted  by  hollow  trifuigles  in  Fig.  2  are  very  widely  scattered 
in  the  alluvial  plains  in  the  Kanto  region.    It  is  interesting  to  note  that  many  liquefied 
site?:  arp  concentrated  nn  the  original  winding  river  course  of  the  existing  Tone  river  lo- 
cated in  the  north  east  of  Tokyo.    About  three  hundred  and  fifty  years  ago,  the  estuary 
of  the  Tone  River  was  linked  by  man  to  the  Pacific  Ocean.     Tlie  original  Tone  River  had 
flowed  into  Tokyo  Bay,  depositing  a  very  deep  and  soft  sand  layers.    Because  the  river 
course  was  modified,  a  higher  potential  of  liquefaction  was  retained  in  the  original  site 
in  Gonverison  with  the  ordinary  site  in  Kanto  plain.    In  addition  to  the  earthquakes  des* 
cribed  above,  earthqiiaXes  Mb.  7  and  Mo.  22  (Niahl  Saitana)  during  this  century  has 
oaosed  llijuef action  of  svfb-soll  In  this  area.    In  addition  ^  the  Kanto  area,  sand  boils, 
sand  volcanoes,  ivUfting  of  wooden  piles  and  caissons  during  the  earthquake  ho.  15 
(Kanto)  were  r^^orted  as  tfhoim  In  Fig.  2,  where  sepreaentatlve  liquefied  sites  are  denoted 
by  oharaotera  a,  b,  ...  k.    Wax  eniaafple,  the  site  a  la  the  reclaimed  land  in  Kawaaaki  Cl^, 
where  water  with  dark  blue  and  grey  fine  sane  ejected  fran  naiiy  cracks.    At  site  b  near  ttim 
Vlcenter,  seven  wooden  piles  uplifted  about  60  ca  from  the  rice  paddy  during  the  quake. 
These  piles  were  used  as  bridge  piles  about  800  years  ago  over  the  original  Sagani  RLver. 
At  site  e  nany  caissons  for  a  bridge  foundations  under  construction  uplifted  from  the 
river  bed  of  the  Sagami  River.    More  details  of  liquefaction  situations  are  reported  in 
another  paper  (Kuribayashi ,  Tatsuoka  and  Yoshida,  1974). 

Earthquake  No.  22  (Nishi  Saitama)  in  1931  also  induced  liquefaction  at  many  locations 
along  the  original  and  existing  courses  of  the  Tone  River.  The  liquefaction  sites  during 
this  earthquake,  are  denoted  by  hollow  circles  as  shown  in  Fig.  2.  Severe  water  spouting 
conditions  were  observed  at  sites  around  Fukiage  City,  located  about  20  km  east  from  the 
epicenter.  Large  amounts  of  water,  with  dark  blue  and  grey  fine  seuid«  were  ejected  about 
30  cn  high  fxoB  several  hundred  of  these  sand  volaanoes.  Farthemore,  the  ground  surface 
of  these  liquefied  sites  settled  about  IS  cm  and  the  pouted  water  covered  the  ground  to  a 
depth  of  about  15  cm. 

Nobi  (Mino-owari)  Region 

Ihe  Nobl  Region  has  been  inflicted  by  four  violent  eartl^ukaea  during  the  past  century, 
ilhidi  Indoeed  liqinefactlon  «t  many  sites  as  ihoim  in  Fig.  3.   The  moat  violent  was  M0*  4 
(at  Hobi)  in  1691  whldi  caused  wide  spread  and  violent  llqiMfaotlon  of  the  Nobi  Plain  and 
Ftakui  Plain,    ihese  locations  are  shown  by  solid  triangles  in  Fig.  1  and  by  hollow  trl- 
•  angles  in  Fi^.  3,  respectively.   She  liq^fied  sites  were  limited  to  the  alluvial  soft 
depoalta  along  the  Klso,  Kagara  and  Ibi  Sivers  in  Mobi  Plain  and  to  the  sites  along  the 
river  in  the  Fukui  Plain  which  is  to  the  north  of  the  epicenter.    It  should  also  be  mea<- 
tioned  that  the  earthquake  ho.  34  in  1948  (Fidcui)  also  induced  liquefaction  in  the  entire 
Pukui  Plain  as  shown  in  Fig.  1.    One  of  the  most  Violent  water  spouting  conditions  occurred 
during  earthquake  no.  4  and  is  denoted  by  a  character  "a"  in  Fig.  3.    During  this  earth- 
quake near  the  Shonai  River,  water  with  sand  ejected  over  2  m  high  from  wells  and  deposited 
sand  on  the  roofs  of  nearby  houses.     Also  at  the  site  "b" ,  on  the  right  bank  of  the  Shonai 
River  to  the  south  of  the  site  "a",  twelve  hundred  sand  boils  were  observed.    The  extent 
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of  liqiMfactioii  can  ba  avaluatad  in  tliat  40  ka^  of  sic*  poddiM  and  fioldsin  Om 
PzefeeturM  .of  Alcdil  and  fiLfu,  imco  iopoasiblo  to  caltiv»to  dm  to  oand  boils,  aaooaalta- 

ting  repaixa  and  Xflconstruction. 

Eighteen  years  after  this  aartltquake,  earthquake  No.  12  (Gono)  caused  liquafaetion  at 
many  locations  in  the  northwestern    part  of  the  Nobi  Plain  where  liquefaction  was  previously 
caused  by  earthquake  No.  4.     Many  areas  liquefied  during  this  earthquake,  and  are  denoted 
by  hollow  circles  as  shown  in  Pig.  3.    These  areas  are  tightly  distributed  and  are  sur- 
rounded by  the  Ibi,  Nagara  and  Kiso  Rivers. 

Earthquake  No.  31  (Tonankai) ,  during  the  end  of  World  War  II  caused  liquefaction  in 
tha  eoaatal  rogloii  Which  has  aoft  mlluvlal  dspoalta.    flhaae  looatloBa  axa  batwaan  tha 
C«pa  Omasalci  and  tha  Laka  UMaaa  and  in  tha  aouth  ooaatal  part  of  itogoya  Cityr  vhlob  had 
baao  roclalned  during  tha  paat  hundxad  and  tlttf  yaars  bafoM  thia  aarUnq^rika-  n» 
liqnafiad  aitoa  daaeribad  afaovo  axa  asq^aaad  by  hollow  trlanglea  aa  diown  in  Fig.  1  and 
solid  txianglos  as  shoim  in  Fig.  3.    In  tba  south  ooastal  ragion  of  NagoF*  City  danaga  to 
noodon  hoQsaa  auefti  as  aattlaaant  and  Inollnation  was  oausad  by  a  vary  larga  qnantity,  of 
•jeotad  sand  and  vstar.   Alaovsany  sand  boils  and  %iat«r  spoutinga  were  obaarvad  at  the 
altas  of  soveraly  danaged  Sfkioplana  fAotorias  at  Nlshl-lnaoi  tewnr  danetad  as  eibaraotar 
"o"  in  Fig.  3.    During  aaniigiiaka  no.  32  (Mikawa) ,  violent  boiling  of  aand  and  water  was 
again  obaerved  at  the  sites  of  these  same  factories. 

In  general,  the  characteristics  of  earthquakes  of  large  magnitude,  but  with  offshore 
epicenters  such  as  the  earthquakes  No.  31  (Tonankai) ,  No.  33  (Mankai)  and  No.  44  (Tokachi'- 
oki) ,  will  cause  liquefaction  at  soft  depositee  in  the  coastal  regions  as  shown  in 
Figure  1. 

Hokuriku  Region 

Fig.  4  shows  the  liquefaction  history  of  Prefectures  of  Yamagata  and  Nligata  during 
the  past  century.     Earthquake  No.  6   (Shonai),  caused  liquefaction  at  many  sites,  whi,ch 
are  denoted  by  hollow  triangles  as  shown  in  Fig.   "iCb).     In  Sakata  City,   located  at  the 
river  mouth  of  Mogami  River,  numerous  sand  boils  were  observed  with  the  largest  sand 
volcano  reported  having  a  height  of  60  cm  and  about  3  m  in  diameter.    The  area  where  the 
sand  boiled  nost  violently  wss  covered  by  saxui  deposits,  aSailar  to  aeaShore  areas.  Sini* 
lar  violent  send  boils  were  observed  at  site  2$  shown  in  Fig.  4(b>,  irtiare  the  largest 
one  was  about  9  m  in  dianeter.    The  liquafaction  site  is  at  tiia  aana  location  as  caused 'by 
aartiiquake  HO.  42  (Hiigata) ,  as  drawn  in  Fig.  4  <b) . 

Bartbguake  MO.  42  (Niigata)  is  vexy  famous  for  its  %rlde  vread  liquefaction*  and  the  * 
subssqusnt  daaage  to  nodem  buildings  and  civil  enginawring  struetuxes.    Beoause  tJie 
details  of  tills  earUiquske  have  been  r^orted  in  detail  by  aany  others^  only  a  smary 
will  be  given  in  this  paper.    Liquefied  zones  during  this  earthqaaka  are  denoted  by  hatched 
zones,  with  numbers  of  1  to  13,  as  shown  in  Fig.  4.    It  is  important  to  note  that  these 
zones  are  limited  to  the  original  riverbeds  of  the  rivers  of  Shinanao,  Agano  etc.  For 
example,  the  zone  expressed  by  the  character  "a"  in  Fig.  4   (a),  is  the  original  riverbed 
of  the  Anago  River  which  was  connected  to  the  Shinano  River  at  the  river  mouth  about  three 
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himdxed  years  a^o.    This  sons  was  then  reclaiated  about  Clfty  years  ago  by  aepositing  sand. 
The  national  highMay  No.  7  passes  through  this  zone,  and  its  low  bank  conposed  of  1  n  of 
sand  settled  down  about  1  n  and  noved  laterally  4  n  during  the  earthguaike.    This  was 
caused  fay  liquefaction  of  the  sandy  bank  and  sandy  ground,  because  boiled  sand  covered  the 
road  surface  and  one  truck  on  the  bank  sank  into  the  ground. 

Diaeuesions  and  Hemarks 

Che  study  of  the  liquefaction  phenomena  caused  by  different  earthquakes  indicated  the 
following; 

(i)  Re-liquefaction  has  observed  in  7  zones,  shown  by  synbols  "a"  to  "q"  in  Fig.  1 
and  as  listed  in  Table  2.    This  suggests  that  re- liquefaction  will  occur  if  the 

proper  soil  conditions  are  present. 

(ii)  One  of  the  causes  of  liquefaction  in  sub-aoils  is  the  intensity  of  the  quake. 
Earthquake  intensity,  at  the  liquefied  site,  were  estimated  by  comparing  the 
liquefaction  distribution  map  and  the  intensity  scale  distribution  map.     From  tliis 
procedure,  it  was  found  that  the  estimated  earthquake  intensity  in  IMA  (Japan  Meteoro- 
logical Agency)  scale  at  the  liquefied  sites  was  greater  than  five,  which  means  that 
accelerations  of  80  gals  to  250  gals  occur 

(ill)  As  is  well  known,  liquefaction  sonea  increase  during  the  larger  earthquakes.  Fig. 
5  shows  the  aiaximum  ^icentrical  distance  of  the  liquefied  sites  R  (kn)  and  the  nagni- 

tude  of  the  earthquake  M.  Using  the  procedure  presented  by  Fukuoka  (1971) ,  the  following 
is  obtained} 

io9,#.R  '  M-5.7  (1) 
10 

where  Eq.  (1)  is  based  on  the  data  obtained  front  earthquakes  NO.  33  (Nankal)  and  No. 
42  (Niigata) .    It  should  also  be  noted  that  examination  of  Fig.  5  indicates  the  follow- 
ing 

IoSj^qR  -  0.87  M-4.5  (2) 

where  the  lower  bound  for  M  >  6.0  is  expressed  by 

logj^jjR  =  0.77  M-3.6  (3) 

From  the  data  obtained  on  44  earthquakes,  a  lower  bound  of  the  liquefaction  RrH 
relationship  can  be  anticipated  by  Eq.  (3)  or  Fig.  5.    On  the  basis  of  this  relation 
liquefaction  nay  not  occur  at  any  site  when  the  distant  site  exceeds  that  value 
expressed  by  Eq.  (3).    For  H  *  70,  for  example,  liquefaction  may  not  occur  at 
distance  greater  than  60  km  from  the  ^i center. 
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A  survey  of  many  reports  on  eartlwinakftS  during  the  last  cemtvaey,  shows  that  liquefaction 
in  sub-soils  are  induced  at  numy  sites.    In  Japan  during    44  earthquakes*  liquefied  sites 
were  limited  to  alluvial  deposits  and  reclaimed  lands.    Liquefaction  generally  occurred  at 
original  river  beds  which  was  reclaimed  during  the  past  several  hundred  years  and  in  re- 
claimed lands  along  seas  or  lakes.     Such  liquefaction  increases  as  the  earthquakes  with 
magnitude  increase  have  an  offshore  epicenter.    Purtherw>re,  it  could  be  noted  that  lique- 
faction has  occurred  repeatedly  during  different  earthquakes  in  several  zones.    An  esti- 
mated JMA  intensity  scale  factor  at  the  liquefied  sites,  wu  greater  than  five.    A  lower 
bound  of  llqaefaotion  potential  oan  be  defined  as  e  relationship  beteeen  epioentral  dis- 
tance and  aagnitude  of  earthquake  on  the  basis  of  this  disousslon. 
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Table  2.     Zones  where  re  oliquef actions  were  oliRerved 
a,  b  g  correspond  to  those  in  Vig,  1. 


Zones 

Earthquakes 

a:     the  narrow  zone  along  the 
Omono  River  in  the 
northwest  of  Oomagari  city 
in  Akita  Prefecture 

No.  8  (Rikuu)  and 
No.  13  (Ugosen) 

b:     on  the  left  side  at  the  river 

No.  6  (Shonai)  and 

c:    in  the  original  river  course 

of  Tone  river  in  the 
notheast  of  Tokyo 

No.  S  (Tokyo). 
No.  7  (Tonekaryu), 
No.  15  (Kanto)  and 
No.  22  (Nishi-Saitama) 

d:    on  the  both  sides  of 
Chikuma  river  near 

Nagano  city 

No.  9  (Kamttakal)  and 
No.  28  (Nagano) 

e:    in  the  southern  part  of 
Fukul  |dain 

No.  4  (Nobi)  and 
No.  24  (Fttkul) 

f:     in  the  nothwestern  part  of 

Nobi  plain 

No.  4  (Nobi)  and 

No.  12  (Gono) 

g:     in  the  southern  part  of 
Nobi  plain 

No.  31  (Tonankai)  and 
No.  32  (Mikawa) 
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Pig.  1     Liquefaction  difttrtbutlon  map  (Japan) 
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Fig.  2     Liquefaction  distrlbuttcm  map  (Kanto  region) 
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Ftg.  3     Liquefaction  distribution  map  (Nobi  region) 
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ABSTRACT 

A  series  of  vibration  tests  on  submerged  sand  layer  model,  using  a  large  shaker  table, 
was  performed  in  order  to  establish  a  metliod  which  can  predict  the  liquefaction  and  settle- 
■ent  phent—Mn  of  sandy  gromd  during  earthquekea.    Aa  a  rasult  of  theae  taats^  intecMitian 
oanoeming  tJie  vibration  btfiavioor  during  the  liquefaotion  phenonenmi  and  svbaeqpwnt 
settlanent  behaviour  was  obtained.    Bxanining  theae  teat  xeeults  and  aaawirtng  that 
the  vibration  and  settlanent  behaviour  of  a  sand  layer  in  the  sand  container  is  ona-dinan- 
slonal,  it  has  been  found  that  tlia  test  and  analyaia  reaulta  agree  quite  favorably.  There- 
fore* if  the  shear  stress  in  the  ground  can  be  reasonably  estiMttedr  the  aaount  of  settle- 
mmot.  of  the  sand  due  to  eaxthquakea    oaa  be  estinated  by  this  analyeis  Mthod  pc«;posttd 


Key  Ifords:    Earthquakes;  Liquefaction;  Sand  Layer;  Shake  lable;  Vibration  TMts;  Void  Batios. 


herein. 


V-16 


Pr«facg 


The  building  of  a  stnicture  on  a  aandy  ground  r  where  liquefaction  is  likely  to  occur  at 
the  time  of  an  earthquate,  requires  the  following  sequence  of  stejps  in  order  to  perfon  a 
aseismic  design. 

(1)  Determine  whether  or  not  a  liquefaction  phenomenori  will  occur  in    the  ground  which  in 
to  support  the  building  and  then  establish  the  ci^qree  of  reduction  of  tlie  bearing  capa- 
city and  the  amount  of  settlement  which  may  be  <3£;ncrated.    Then  estimate  whether  or  not 
certain  measures  are  required  to  minimize  the  effects. 

(2)  If  design  revisions  are  required,  then  improvements  to  the  foundation  or  the  type  of 
struemre,  or  Inpxovanients  to  the  ground  are  neoessary  so  that  a  liqioefaotion  piMnoMnon 
be  either  prevented  or  reduced* 

The  nathods  of  deterBining  or  estlnating  liquefaction  phenomena  an  based  on  a  nethod 
fzoK  sand  eleoMnt  tests  (1-3). 

At  a  previous  aeetlngr  a  nethod  enpJoylng  blasting  vibrations  to  predict  liquefACtion* 
was  presented.    The  results  to  bs  presented  hereiut  however  f  will  involve  the  analysis  of 
«9erl»wnts  with  a  nodal  sand  layer  using  a  large  sheke  table.   This  ei^erlnent  was  per- 
fomsd  jointly  by  the  Pidalio  Works  Researoh  Institute,  Ministry  of  Oonstruotion,  the  Ksnto 
Engineering  and  Nsehonioal  Laboratory,  Ministry  of  Oonstruction  and  the  National  ABseareh 
Center  for  Disaster  Prevention,  Science  and  Technology  Agency. 

Method  of  gsperlsgnt 

The  oontainer  need  for  the  eiqperiaient  is  a  steel  box  having  inner  diMUsions  of  8  n 
(length)  x  5  n  (height)  x  2  m  (depth)  as  shown  in  Photo  1.    in  the  «qperiaent,  the  box  was 
Installed  with  its  longitudinal  direction  aligned  with  the  horisontal  vibrating  direction 
of  the  slab  table  and  the  sand  layer  of  thickness  of  4  m,  was  submerged  in  water  t4>  to  the 

surface.    The  sand  used  in  the  experiment  is  mountain  sand  taken  from  Sengen-Vama  in  Chiba 
Prefecture,  Japan,  which  has  physical  properties  as  shown  in  Table  1.    A  belt  conveyor  and 
bucket  were  used  to  place  the  sand  into  the  box  for  forming  the  sand  layer.     The  sand  was 
compacted  by  stepping  or  a  vibro-rammer  for  every  sand  layer  thickness  of  30  or  50  cm.  A 
quality  control  test,  including  laeasuretaent  of  density, wag  p«>rformed  for  each  of  sand 
layer.    Upon  formation  of  each  sand  layer,  the  layer  waii  then  submerged  in  water.  After 
inducing  series  of  vibrations  and  subsequent  neasurenents,  the  water  and  sand  were  dis- 
charged frcsi  tiie  sand  box  and  a  new  sand  layer  was  fomad  for  the  next  ei^eriaent.  This 
type  of  esqperiaient  was  conducted  three  tines  %rith  req?ect  to  a  hcnogenous  sand  layer. 
Three  additional  tests  irsre  oonducted  with  reject  to  a  ease  where  a  nodel  object  was 
buried  in  the  sand  layer. 

^e  following  types  of  vibrating  natbods  were  used  in  each  aaq^rinentj 
(1)  Msonance  Test 

This  test  had  a  table  acceleration  equal  to  20  gal,  and  a  etep  sine  frequency  of  1  to 

20  c/s.  The  vibrations  were  applied  for  a  fixed  period  of  20  to  30  sec.  This  test  was 
intended  to  exsmine  the  dynanio  properties,  inoluding  modulus  of  elastioity  and  daqping 
fMtor. 
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(2)  Liquefaction  Test 

Ttw  test  l«ivel  of  accalaratlcm  of  the  tabl*  wa*  ^langed  by  neaiw  of  sln«  wanrts  noor  th« 
1st  tttsonant  fraquaney  and  ware  applied  for  a  flxad  period  of  60  to  100  aao.    I!lii8  axpttri- 
unt  was  intondad  to  exandna  the  effacrts  of  excess  pore  water  pressure  and  tiie  resulting 
settleaetit  in  the  sand  layer.    In  this  eiqperiment,  idiere  the  excess  pore  water  pressure  was 
dsvalopadf  the  sand  layer  was  alloHed  to  stand  for  about  1  hour  after  oonpletlra  of  the 
vibration  test  sequence.   Vhe  aiiplication  of  next  vibration  stage  was  Initiated  after  the 
excess  pore  water  pressure  was  dissipated. 

Table  2  desoribas  the  conditions  for  each  aodel  experiiientr  including  the  maiier  of 
times  the  sand  layer  has  foriMd  the  vibrating  conditions. 

Illustrated  in  Fig.  1  is  an  exanple  of  the  arrangenent  of  the  instrunents  burled  in 
the  sand  layer. 

Basulta  of  Bcparla»nt 

(1)  Characteristics  of  the  Sand  Layer 

The  density  of  sand  layer  varied  considerably  with  each  model,  as  affected  by  the 

method  of  compaction.    For  exaniplef  in  the  case  of  the  Ist  experiment,  the  dry  density  (Y^) 

3  3 
was  1.41~1.52  g/cm  ,  the  average  value  was  1.48  g/cBl  i  void  ratio  (e)  was  0.77-0.91 

and  tne  average  value  was  about  0.62. 

(2)  Resonance  Test 

Examples  of  the  resonance  curve  obtained  from  resonance  tests  are  i  1 1 '.j.st rated  in 
Fig.  2(a)   Uirough  (c) .     lllusLtaLed  in  Fig.  2(a)  and  (b)  are  Lhe  rcsporise  characteristics 
of  the  sand  layer  for  experiment  1-1,  relative  to  distance  from  the  end  face.    For  this 
eaqperiiaent,  the  frequencies  at  the  Ist  and  2nd  resonances  ore  10  and  17  c/s  respectively. 
This  shows  that  there  is  little  difference  relative  to  distance  from  the  end  face,  but  it 
can  be  seen  that  the  nagnlfleation  of  acceleration  varies  with  the  distance  froa  the  end 
face.    For  exmple*  witii  respect  to  10  e/s  which  can  be  thought  of  a  1st  sesdnanoe  frequency 
Pig.  3  shows  the  distribution  of  the  magnification  of  the  acceleration  %(hiGih  indicates  that 
the  farther  from  'Uie  end  face«  the  larger  the  magnification  of  the  acceleration.  Bivertment 
3*1,  as  illustrated  in  Pig.  2(e) ,  is  different  from  the  experiment  l-^l  as  illustrated  in 
Fig.  2(a)  and  (b)  with  respect  to  density  and  table  acceleration  level. 

(3)  Liquefaction  Test 

The  characteristics  of  the  behaviour  of  the  sanr!  layer  during  liquefaction  can  be 
represented  by  the  pore  water  pressure,  settlement  amount  and  acceleration  of  the  sand  layer. 

Examples  of  the  time-course  changes  of  these  factors  are  illustrated  in  Fig.  4  through 
Fig.  6.     lilubtrated  in  Fig.  4  in  an  example  in  which  both  the  excess  pore  water  pressure 
and  the  settlement  are  snail  due  to  the  small  table  acceleration.    In  this  ceise,  the 
acceleration  of  llie  sand  layer  except  the  upper  part  of  the  sand  layer  ahows  almost  a  steady 
state  where  the  table  acceleration  is  constant.    The  acceleration  of  the  upper  part  of  the 
sand  layer  shows  a  trend  in  which  it  continues  to  Increase  even  after  the  table  acceleration 
has  became  steady  and  then  suddenly  decreases  after  it  has  reacdied  a  peak  value.  This 
Ehenonmena  is  caused  by  first  on  increase  of  the  excess  pore  water  pressure  in  the  upper 
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part  of  the  sand  layer.    Hhis  increaaa  in  tha  axoass  pora  water  pxeasure  over  a  certain  value 
causMS  the  rigidity  of  the  sand  layer  to  lower  (or  causes  the  deformation  characteristics  to 
Increase)  due  to  a  reduction  of  the  affective  confining  pressure.    This  resulting  phenomenon 
causes  an  Inereasa  in  aoceXeration  of  the  sand  layer,  and  if  the  exceas  pore  water  pressure 
further  increases,  the  shear  strength  of  that  layer  and  the  lower  layer  will  reduce.  Vhis 
will  result  in  a  condition  in  that  the  vibration  fron  the  lower  part  cannot  be  transmitted 
to  the  u^iper  part  and  the  acceleration  of  the  sand  la/er  will  suddenly  decrease. 

In  the  CMC  of  ei^rimnt  Ho.  1-4  (Fig.  5) ,  the  table  acceleration  is  larger  than 
that  of  eiqperinent  No.  1-3  (Fig.  4),  and  both  the  excess  pore  water  pressure  and  the  settle- 
nent  amaunt  are  ooinparatively  larger  than  those  in  the  eaperimant  No.  1-3. 

In  experiment  No.  1-4,  the  excess  pore  water  pressure  increases  starting  from  the 
upper  part  of  the  sand  layer,  with  a  naxiraum  value  nearly  equalto  the  effective  overburden 
pressure  in  each  layer.     This  conditions  shows  that  all  laynrs  hav?  reach<?<d  complete 
liquefaction.     The  rarice  in  which  the  phtenornenon  of  a  suldea decrease  in  acceleration  of  the 
sand  layer  occurs  is  deeper  than  that  sand  layer  in  the  experiment  No.  1-3,  and  researched 
a  depth  of  3  meters. 

Bxperimant  No.  3-4  (Fig.  6),  is  the  rasa  where  the  void  ratio  of  sand  layer  is  less 
than  that  of  es^eriinnit  No.  1-4.    However,  despite  Uia  fact  that  the  table  accaleration 
and  vibrating  period  was  larger  than  those  generated  es^erinent  Ho.  1-4,  the  excess  pore 
water  pressure  and  the  amount  of  settlement  generated  was  smaller* 

Fig.  7  ^lows  the  vertical  distributico  of  the  accaleration  and  excess  pore  water  pres- 
sure previously  given  by  Pig.  S.    iSw  process  in  whi^  a  sudden  decrease  of  acceleration  on 
the  upper  part  of  the  sand  layer  progresses  to  a  deeper  part  with  the  passing  of  time  can 
readily  be  seen.    One  thing  of  interest  in  cotaparing  the  verlcal  distribution  of  excess 
pore  water  measure,  as  illustrated  in  (b)  and  the  corresponding  experiment  period  versus 
the  amount  of  settlement  (Fig.  5(c)),  is  that  for  the  period  between  0  to  40  sec,  the  water 
pressure  gradient  at  a  position  1  m  from  the  bottom  is  downward  and  the  pore  water  tends  to 
flow  into  the  lower  layer,  so  that  at  the  position  1  m  from  the  bottom,  uplift  must  occur 
rather  than  settlement,  as  illustrated  in  Fig.  5(c),  during  the  period,  a  considerably 
amount  of  settlencnt  is  observed.     This  condition  is  caused  by  air  bubbles  in  the  pores 
which  have  becii  compressed  due  to  the  genoratioa  of  excess  pore  water  pressure,  since  the 
sand  layer  had  not  been  completely  saturated.    This  mechanism  can  also  be  concerned  by  no- 
ticing first  that  the  water  level,  on  the  sand  layer  surface,  after  vibration  is  lower  by 
several  cm  ccoipared  to  the  level  before  vibration  is  ^plied.  '  in  addition,  siJAoe  the  de- 
gree of  saturation  of  the  pore  water  of  the  sand  layer  can  not  be  measured  directly,  an 
unsaturated  sand  layer  was  formed  separately  in  a  small  container,  similar  to  that  of  the 
experimental  sand  layer.   Vhen  the  unsaturated  sand  layer  was  gradually  submerged  in  water 
from  the  bottcm.    Vhm  initial  degree  of  saturation  of  the  sand  layers  formed  by  tbs  method, 
was  then  estimated  at  15  to  85%  by  the  weight  measursment  method  and  by  means  of  an  air 
meter  used  to  nsasure  the  air  volume  in  concrete. 
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Ab  described  eexlier*  the  prioMiy  Aim  of  the  xeamieiioe  test  le  to  oalettlate  the  vllne- 
tlon  behaviour  of  tbm  send  layer  eidajected  to  largti  input  vibratlona,  and  tci  oenpare  Hhm 
reeolts  with  analytloal  values.    In  this  paper »  however  the  analytical  results  will  be 
evitted  and  we  will  discuss  the  method  Of  analydng  the  liquefaction  and  eettlenent  prfr* 
oesses  of  the  experimental  sand  layer. 
(1)  One-dimensional  settlement  of  the  sand  layer 

The  vibration  behavior  of  the  sand  layer  in  the  sand  box,  and  the  subsequent  deforma- 
tions are  three-dimensional.     However,   since  the  excess  pore  water  pressure,   that  is 
Bteasured    shows  almost  the  same  behavior  regardless  of  the  distance  from  the  end  face  at  the 
same  depth,  the  amoimt  of  settlement  can  be  presumed  to^be  one-dimensionai.    Purthemore,  it 
is  generally  difficult  to  cuialyze  multidimensional  deformations,  therefore)  if  a  one-dimen- 
sional settlments  oan  be  estinated*  the  results  can  be  adequately  applied  to  actual  pro> 
blens.   ihua  for  the  eiperiiiental  sand  layer  r  such  aaaunptions  were  aide  oonsidering  tbe 
horisontal  ground  expanding  indefinitely  and  then  analysing  the  process  of  llqnefactlon  and 
settlement. 

(a)  In  ttenoKBBl  theory  of  consolidationr  the  defontations  of  a  sand  layer  are  generated 
as  a  result  of  the  outflow  of  pore  water.    In  these  tests »  however  the  sand  layer 

is  assuMd  to  be  in  an  unsaturated  state  with  air  rewaining  in  tiio  pores  and 

that  the  air  is  coafaimd  with  the  pore  water  and  flows  together.    This  assaaes  that 

the  porewater  is  compressible. 

(b)  It  is  thought  that  the  excess  pore  water  pressure,  generating  a  pore  water  flow,  is 

generated  internally  by  cyclic  shear. 

(c)  It  is   assumed  that  the  ordinary  Darey'f;   lijw  can  be  appli»^d  to  tho  pore  water  flow. 

From  thesa  asswunptiortii,  the  excess  pore  water  pressure  and  the  void  ratio  in  the  sand 
layer  can  be  represented  as  follows; 


.  Jt      .     B   ,    k  ,  , 


(1) 


it 


j€  -  a-B»  (l+e)*C»/(  — r-.  e.  Ko>*       *  — 

vc  * 


+  B  (l+e) • 


0  u 
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where. 


B       s    Pore  presaure  coefficient  j^^^^j^^^^  (3) 

C       :    Compressibility  of  sand 

I    Gonpresslbility  of  pore  tnter  (including  air) 

 ^  W) 

pi  ■«•  &u 


H       I    Henry's  coefficient  of  solubility 
S       I    Degree  of  saturation 

pi      :    Absolute  pore  pressure  (added  value  by  atmospheric  pressure  and  static  water 
pressure,  con<5idered  to  be  *>quai  to  pc>r«  water  pressure  and  pore  air  pressure) 

f        :     Pore  water  pressure  generation  function  due  to  cyclic  shear  (described  later) 

:    Cyclic  shear  stress 
0^^    :    Sffeetive  ovndMirdMi  pressure  ussd  for  pore  watsr  pressure  generatiott  function 
e       :    Vbld  ratio 

Coefficient  of  horiscntal  earth  pressure  at  rest 
o  '        Initial  effective  overburden  pressure 
t  A  period  of  vibration 

k       t    Ooef  f  ioient  of  pezmsability 

*   CInit  weight  of  water 
Z  Depth  from  the  surface  of  sand  layer 

Ihe  meaning  of  the  pore  water  pressure  generation  function  f  1^  ^elie  shear  shall  be 
defined  as  follows,  in  the  instance  of  saturated  and  undrained  conditions*  if  one  cycle  is 
aspliedf  the  following  equation  can  be  obtained r  Where  C.*o,  B*l,  k^O  and  t«T,  in  Eg.  (1) 


J  e  =  o 


rd 


(5) 


Consequently,    f'O'^^  represents  the  pore  water  pressure  generated  per  cycle  under  said 

conditions.    This  is  based  on  results  of  undrained,  cyclic,  simple  shear  teats  Which  have 

been  reported.    This  pore  water  pressure  generation  function  f  was  cbtainsd  based  on  the 

following  assunvticns  and  nethod. 

(a)  The  increase  in  the  excess  pore  water  pressure,  sand  subjected  to  cyclic  shear, 

is  tJia  SUB  of  tiie  incrsBsnts  due  to  cyclic  shear  and  the  Incrssiants  due  to  an  in- 

4) 

crease  in  lateral  pressure  due  to  the  lateral  dlsplacffient  being  confined 
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Consequently,  the  excess  pore  water  pressure  Au  generated  per  cycle  of  cyclic 
shear  the  sand  is  given  by  the  following  equation; 


Jjj.  _     ,     3   t-d 


nance*  f,  can  be  oibtained  by  the  ieottepie  cyclic  trlaxlal  teet  as  followsi 


0*it        The  initial  effective  lateral  preasisre 
0^      s    Cyclic  asial  strees 

(b)  The  pore  water  pceeenre  generation  function       le  cbtalaed  ttm  «  oooveatlonal 

cyclic  trlaxlal  teet.    Ihese  teete  yield  the  etreee  and  the  geawated  pore 

weter  preeeure.    However,  there  le  generally  a  wide  variance  in  the  teet  results. 

Consequently,  by  plotting  the  relationship  of  '7d/2(^' aovsn.)    obtianed  from  the  llqoe- 

5) 

faction  teet,  an  average  relation  is  estimated  froa  the  follewliKr  eq^ation  i 

"TIT"  •  **'"2^  -STTT^^"*  («) 


Miere  O^t    Angle  of  internal  friction  wobiliied  when  the  Initial  Uqoefaetlon  le 

generated. 

:     Cycles  of  loading  for  generating  the  initial  liquefaction 
For  the  tests  reported  herein,  '^d/2a'3o  is  plotted  as  shovm  in  Fig.  8. 

(c)  A  relationship  for  general  density   can  be  cbtained  from  the  following  equation 
with  raepeot  to  the  strMS  rstio  at  whldi  liquefaction  is  generated  f 


d     .  Dp 
2<r'^   'Dp*  50*  "50"  «9) 


Based  on  these  assunptions,  the  fonetion  of  the  generation  of  pore  water  peessnre  in 
sand   is  estimated  as  illustrated  in  Pig.  9.    This  function  is  used  as  f  in  tbm  previoue 

equation  (1)  and  (2) . 

The  increments  A  u  and  &  e,        the  excess  pore  water  pressure  and  void  ratio  re- 
spectively    from  equation  (1)   and   (2) ,  are  closely  related  to  each  other  as  shown  in  Fig.  10. 
This  diagram  can  be  interpreted  as  follows,  i.e.  path  AB  represents  the  entire  process  that 
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ooeurayniilch  aMuis  fi»t  xaduetloii  of  the  effoctiva  stress  due  to  an  woass  pore  water  praa- 
anra  generated  when  the  sand  layer  ia  vibrated.    The  pore  water  then  flom  o«it  and  as  a 
result  the  void  ratio  is  changed.    Then  the  excess  pore  water  pressure  is  entirely  dessipa- 
ted  and^ stability  is  attained.    Path  CP  represents  the  changed  path  which  occurs  in  a  short 
time  interval  At.      if  this  path  is  divided  into  CF  =  CE  +  EF,  CB  oorre^onds  to  the  1st 
terms  of  equations  (1)   and  (2)   respectively.     Thus  the  2nd  term 

deforination  path  in  this  case  of  the  undrained  condition.     An  alternate  ptith  ocLurs  when  the 
sand  layer  is  placed  under  a  drained  condition  as  shown  in  path  EF.     That  is  the  deformation 
under  the  drained  condition    of  an  unsaturated  sand  layer    in  a  short  time  interval    can  be 
dbtained  as  the  svtt  of  the  deforaatinn  under  the  undrained  condition  of  an  unsaturated  sand 
and  the  defomation  undw  the  drained  condition  given  thereafter. 

The  ooefficient  of  coapressibility  C   in  equations  <1)  and  (2)    was  obtained  in  the 
fbllowing  aanner.   As  shown  for  patdr  EP,  the  excess  pore  water  pressure  was  generated  by 
the  undrained  cyclic  iriiear  and  thm  by  draining  of  the  sand.    Tha  cosf ficisnt  of  ccnprMsi' 
bility  in  tbn  reoosipression  process  is  then  obtained.    An  enanple  of  this  eiqperlsMnt  is 
illustrated  in  rig.  11. 

Also  illustrated  in  the  sane  diagraM  is  the  static  virgin  coapression  cnirve  of  tliis 
sand.  Bnadnlngtiiese  results  the  following  can  be  stated} 

<a)  Qnfcil  the  initial  liquefaction  point  is  exceeded,  the  coefficient  of  compressibility 
in  the  reeoapreasion  pmcess  is  smaller  than  the  ooefficient  of  canpresaibility  under  the 

virgin  compression  process. 

(b)  When  the  sand  is  recompressed,  exceeding  the  initial  liquefaction  polnt<  the  com- 
pnessibility  is  as  nearly  same  as  the  virgin  con^ressibility  curve. 

(2)  Numerical  walysis  of  liquefaction  and  settlanient  process 

Considering  the  above,  the  following  assumptions  were  made  in  the  numerical  analyses  of 
the  liquefaction  and  settlement  processes  as  will  be  described  later. 

(a)  When  an  excess  pore  water  pressure  is  generated  and  exceeds  the  initial  liquefaction 
point,  thus  causing  compression  of  the  sand,  a  virgin  compression  curve  is  used. 

(b)  During  the  process,   in  which  the  density  increases  higher  than  that  of  the  past 
minimum  void  ratio,  a  virgin  compression  curve  is  used. 

(c)  In  tha  defomation  paths  other  than  the  above  (a)  emd  (b) ,  an  unloading  or  recoiii> 
pression  curve  is  used. 


(d)  The  generation  of  an  exoees  pore  water  i^asure  function  f  does  not  occur  until  thB 
tine  the  excess  pore  water  pressure  reaches  tiie  initial  liquefaction  point*  a*     «  c^'  « 


effective  overburden  ^Mssure  at  that  time) ,  and  the  woiicing  shear  stress  also  decreases  in 
the  fom  of  oontaetlng  with  tiie  failure  envelope  line. 

Sinoe  a  vibration  analysis  and  subsequent  evaluation  of  the  shear  stress  of  a  sand  layer* 
idlich  has  changes  in  its  physical  properties  subsequent  to  an  increase  in  the  excess  pore 
water  pzessuze*  is  difficult  to  deteznine*  the  following  method  was  employed. 
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(a)  !nie  vibration  node  of  the  sand  layer r  for  llqpief action  test*  was  asauned  as  the  1st 
node,   ttut  displaeenent  anplltode  was  obtained  fron  the  amplitude  of  the  neasured  acoeleza^ 
tion  and  the  distribution  of  the  shear  stress  is  then  estiaated  from  these  results.  During 
this  time,  «dien  the  table  acceleration  level  increases,  as  seen  in  Pig.  5(a)  on  the  upper 
part  of  th»  sand  layer,  the  acceleration  decrecises  due  to  generation  of  the  excess  pore 
water  pressure  thus  making  it  difficult  to  estimate  the  shear  strain.    Therefore,  assuming 
that  the  shear  strength  fioes  not  decrease,  the  standard  shear  strain  distribution  corxes-* 
ponding  to  the  individual  table  acceleration  level  is  estimated  from  this  study. 

(b)  Now  by  multiplying  the  standard  shear  strain  distribution  by  the  shear  modulus,  in 
which  the  reduction  effect        of  the  strain  level  is  introduced  from  Richart's  experimental 
equation  ^'^   for  Uie  shear  modulus  in  an  infinitesimal  strain  level  of  sand,  a  shear  stress 
distribution  is  calculated.    When  the  excess  pora  watwr  pressure  aaoeeds  the  initial  liqoe- 
faotion  point,  this  shear  stress  is  decreased  to  a  foxn  which  contacts  the  failure  envelope. 
Bxanples  of  changes  of  the  excess  pore  water  pressure  and  the  settlesnmt  asnunt   with  tiaw 
have  been  calculated  for  the  eiqperinrats  and  are  illustrated  in  Figs.  12  and  13.    Figs.  12 
and  13  correspond  to  experinent  No.  1*3  #  experiment  Wo.  1-4  as  illustrated  in  Fig.  4  and  5. 
fteeording  to  the  calculated  results  for  the  es^rinent  No.  1*3 «  the  excess  pore  water 
pressures  in  the  vvper  layer  (Z  ■  0.5,  1.0  n)  increases  considerably,  cnnseguently  in  the 
earlier  stage  of  vibration  the  settlmant  amount  is  a  little  larger  than  that  of  the 
ttiqperiment.   Also  thb  exoMB  pore  water  pmssore  Is  larger  than  neasurad  in  middle  part  of 

the  sand  layer  and  the  calculated  settlement  amount  is  larger  than  that  measured. 

According  to  the  calculated  values  for  experiment  No.   1-4,  tlie  excess  pore  pressures  in  the 
lower  layer  (7.  "  3.0,   4.0  m)   increases  slowly,  but  tlie  sett  1  pTnent  behavior  agrees  approxl- 
aiately  with  the  measured  results.     The  cause  tor  these  ditierences,  apart  from  the  assump- 
tions m  tiie  caicuiatj.ons ,  are  the  large  errors  in  estimating  the  shear  strain  xn  the  sand 
layer  and  compaction  due  to  the  preceding  vibration.    The  settlement  behaviour  of  the  sand 
layer  shows  that  the  calculated  results  agree  cosparatively  well  with  the  measured  values. 
Fran  the  aforansntianad,  the  method  for  liquefaction  and  settlement  analysis  introduced 
herein  is  rather  effective  to  the  analysis  for  this  vibration  teat  of  model  sand  layer. 

Conclusion 

The  following  conclusions  can  he  derived  from  the  results  of  the  eoQeriments  and  analy- 
ses as  described  previously^ 

(1)  In  the  liequfaction  teat.  When  the  excess  pore  water  pressure  increases  to  a 
certain  value,  the  magnification  of  the  acceleration  increases  and  then  suddenly  de- 
creases. 

(2)  Ihe  higher  the  table  acceleration  and  the  larger  the  void  ratio,  the  larger  is  the 
emeeas  pore  water  pressure  and  the  amount  of  settlanont  that  is  generated. 

(3)  She  cCdipreBsioa  ^enomenon  of  the  air  in  the  pores  increases  tiie  settlement  of  the 

sand  layer. 

(4)  From  examination  of  the  experimental  results  in  line  with  tit- analytical  method  proposed 
herein,  it  has  been  found  that  there  is  excellent  correspondence  between  the  experiment 
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data  and  tha  analysis. 

If  this  nethod  Is  used  to  estimta  the  aaount  of  settleoent  of  the  sand  at  a  eanatruc* 
tlon  alta.  It  is  important  to  properly  estiinate  the  shear  Stress  in  the  sand.    Also,  at  the 
eonstruetion  site,  the  ground  below  the  water  level  is  saturated  and  the  duration 
of  an  earthquake  is  relatively  shorter  than  that  which  occured  in  the  experiment  described  In 

this  paper.     Consequently,  a  simplified  method,  has  been  developed.     This  method  is  based 
on  the  assumption  that  the  ainount  of  settlement  during  an  earthquake  is  small,  and  there- 
tore  the  ground  is  nearly  in  an  undrained  condition.    The  excess  pore  water  pressure  then 
generated  is  estimated,  and  the  settlement  amount  is  determined  as  a  static  deformation  due 
to  the  outflow  of  the  pore  water  after  the  earthquake. 
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Table  1    Index  properties  of  the  te«t  sand 


Properties 

Values 

Specific  gravity  Gs 

2.  71 

Optimum  water  content 

<"opt  (%) 

13.4 

Maximum  dry  density 

rd  max  (g/cm'^) 

1.742 

Maximum  void  ratio 

e  max 

1.  02 

Minimum  void  ratio 

e  min 

0.57 

100 


0.01        ai  1.0  10.0 

Particle  diameter  (mm) 


Table  2    Test  Condition 


Vibration 
^\Method 

Model 

Resonance 
test 

Liquefaction  test 

1 

2 

3 

4 

5 

1 

6-13  gal 
1'<'20  c/e 

Co  =  0.  82 

37  ♦gal 
12  c/s 

74**sec 

61  gal 
11  c/s 

76  sec 

138  gal 
10  c/s 

84  sec 

274  gal 
9  c/s 

92  sec 

3 

io  =  0.  73 

57  gal 
12  c/a 
69  sec 

100  gal 
11  c/b 
72  sec 

132  gal 
10  c/s 
81  sec 

283  gal 
9  c/s 
78  sec 

3 

7-19  gal 
1^20  c/s 

66  gal 
12  c/s 

93     ?;  p  p 

99  gal 
11  c/s 

219  gal 
10  c/s 

365  gal 
9  c/s 

*  5*?.»ionary  value  of  table  acc, 
**  Total  duration  of  vibration 
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Fig.  1    Arrangement  of  meters 
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Fig.  6   Acceleration,  excess  pore  water  pressure 
and  settlement  data  (Test  No.  3-4} 
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Aecelention  Excess  pore  water  pressure  (gj'cm'  ) 


Fig,  1    Vertical  distribution  of  Aoceleratioa  and  excess  pore 
water  preasttre 


Fig.  8  Liquefaction  characterlailes  of  test  eand 
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aio  - 


0.0S 


Dr:  Relative 
density  ^ 


Fig.  9  Generation  flmetton  of 
excess  pore  water 
pressure 


EfTtotn  »iw  p 


Fig.  10  Schematic  relationship 
between  void  ratio  and 
effective  stress  due  to 
vibration 


Fig.  11  Compressicm  characteristics  of 
test  sand 
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Fig,  12  Calculated  results  of  excess  pore  water  pressure  and 
settlement  (Test  No.  1-3) 


S  ' 


Fig,  J3  Calculated  results  of  excess  pore  water  pressure 

and  settlement  (Test  No.  1-4) 
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Ihe  seismic  design  coefficient  has  been  widely  used  because  of  its  simplicity,  niis 
design  tecftinique  provides  a  safeguard  against  Mrttiqnakes  bat  contains  many  problssis  whsn 
raplaeing  the  dynamLo  forces  with  static  forces.    In  addition,  the  earthquake  resiatant  pea^ 
erties  of  hlgh-rlaes  or  buildings  can  be  Inve8ti9ated  by  a  simulation  analysia,  using  naiqr 
past  eartikquake  records  as  input  excitation*    This  type  of  dynamic  analysis  of  a  structure 
has  been  nade  possible  by  use  of  electronic  ooaiputers.    In  tbis  analysis,  an  actual  Btroc- 
ture  is  transfoxned  into  a  vibration  nodel,  then  the  structure  is  stib^ected  to  earthquake 
ground  notiOMr  idiioh  are  sianilated  hr  an  electr(»iic  cosiputer.    As  an  alternate  sc^heBie> 
frost  a  stodiastie  point  of  view,  vibrational  properties  of  struotures  subjected  to  earthquake 
ground  notions  have  been  investigated  by  utilizing  the  conc^t  of  random  vibrations.  The 
theory  of  random  vibration,  fordynanu::  response  of  structures,  considers  that  earthquake 
ground  motions  can  be  essentially  predicted  as  deterministic  phenomena  and  that  the  vibra- 
tional behaviour  of  structures:  during  these  earthq'jakes  car.  be  predicted  stochastically. 
Studies  on  developing  a  mere  reasonable  design  metliod    have  been  conducted  using  the  experi- 
ences obtained  from  earthquake  disasters  and  the  analyses  of  earthquake  phei.onena.     The  non- 
determinisLic  phenoraena  of  earthquake  ground  motions  will  be  treattid  essentially  by  the 
application  of  the  theory  of  random  vibration  to  the  earthquake  engineering.    Boifeverf  it 
is  also  true  that  a  structure  cannot  be  handled  as  a  detazndjiistic  system,  because  the 
dynsMic  property  variables  of  an  actual  structure ,  such  as  the  masses  #  spring  constants  and 
daaipLag  constants,  cannot  be  evaluated  determinlstlcally  when  the  structure  is  desinged. 
itonea,  a  structure  most  be  designed  by  considering  the  nondeteminlstlc  properties  of  the 
structure  as  %fell  as  those  of  eartliquake  ground  motions.    In  this  thesis,  a  theoretical 
treatasent  of  the  earthqo^ce  response  j^Mblems  of  a  structure  witli  nondetexmlnistic  variables 
have  heesa,  discussed  and  a  reasonable  design  technique  of  a  structure  with  appropriate  safety 
has  been  suggested. 

Key  MOrds:    Probability,  deterministic,  earthquake,  structures,  random  vibrations. 


safety,  dynasiics. 
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Introduction 

vibrational  properties  of  structures,  subjected  to  earthquake  ground  motions,  havtt 
been  investigated  by  utilizing  the  concept  of  random  vibrations.     The  theory  of  random 
vibrations  for  the  dynamic  responses  of  structures    is  based  on  the  stochastic  point  of 
view  that  earthquake  ground  motions  cannot  be  predicted  as  a  deterministic  phenomena  and 
that  the  vibrational  behaviour  of  structures  during  earthquakes  must  be  investigated  sto- 
chastically.   However,  it  is  also  true  that  a  structure  cannot  be  examined  aut  a  detexmin- 
latie  systcnif  b«c««s«  tlw  dtyiuHnio  property  varlablM  of  «i  actual  stnietVT««  vueh  «s 
nassaa*  spring  conatanta  and  dapping  conatanta*  cannot  be  avaluatad  datezBlnlatloally  wfaan 
the  atructore  la  deaigned.   Hanoar  a  atraetura  auat  ba  daaignad  by  oonaldaxing  tha  non- 
dateininlatlc  propartioa  of  tha  atxuctura  aa  wall  aa  tlioaa  of  tha  Mrtibqaaka  ground  motlona. 
Vhara  haa  bean  nany  PV^ra  ooneemlng  tiie  dynaidc  ra^onae  of  a  structure  aobjaotad  to 
aarth^ualce  ground  Motiona  by  application  of  tha  tfaaoey  of  randan  vlbratlona   alnoa  B. 
liBaaid>lu«tli^^'  and  H.  Tajlni^^^.    ISia  ttaaozy  for  a  atatlcnazy  random  raaponaa  of  a  llnaar 


lUNIpod^naaa  ayatan  haa  baan  atudlod  by  one  of  tha  authora^^^ .   Cb^panalon  of  thia  thoory 


is  explalnad  in  tills  paper,  in  irfiich  all  vaxlablas  are  regarded  as  non-deterministic.  Tha 
fundamental  formula  obtained  by  Taylor's  series  of  a  function  f(r),  of  the  vector  of  ran- 
dom variables  r,  is  applied  to  this  expansion.    There  are  papers in  which  the  proper- 
ties of  stochastic  variation  of  the  eigen  values  and  earthquake  responses  of  a  structure 
are  investigated  which  demonstrate  application  of  this  formula.    Tn  this  paper,  the  theoret- 
ical expansion  is  conducted  in  order  to  obtain  a  general  and  raeaixigful  solution  of  the 
earthquake  response  of  a  structure.    The  theory  of  the  earthquake  response  of  a  structure 
deaoribad  baraln  haa  tha  following  oharaoterlatiBai  ^ 

(1)  lb*  atruetnra  ia  «  ona-diManaiional  linaar  mltl-dagnaa-of-fraadOH  syatan  with 
naaaaa*  qprlnga  and  dudqpota. 

(2)  Vha  atructura  ia  aubjeoted  to  a  atatlcnaxy  randoai  exeitatlonf  having  any  dlatri- 
btttloa  of  powar  qpaeteal  danaity 

(3)  Vha  atruetural  ra«ponaa  can  ba  atotihaatically  pradiotad  in  oonaidaratlon  of  tha 
intunkctlon  affaot  batMaan  tha  atructura  and  tha  ground. 

Ha<ponaa  of  «  Structura  Stib;iactad  to  a  Randcw  Dlaturtoanca 

Tha  aarthqoafca  raaponaa  of  ona-diinanalanal  llnaar  oiiilti-dagraa-of-freadaii  ayatan  with 
■aaaear  aprlnga,  and  datfipota  aa  ahovn  in  Pig.  i   la  analysad  as  foUomt   Tha  Intaraetlon 
affaot  batwaan  a  atractura  and  tha  ground  ia  conaldarad  by  application  of  away  and  rocking 
apxixqa,    Tha  aarthquaka  ground  notion,  uhich  affaeta  ilia  stnotura,  la  asavMd  to  ba  a 
atationary  randoat  proeaaa  with  aa  anplituda  diatribntlon  of  <3au8aian  order  with  a  aaro 
naan  value. 

The  eauations    of  motion  of  the  systen  subjected  to  an  eaxthquekke  ground  acceleration 
xg  is  generally  represented  by 


CMj(Z}  +  (CJlZl  +  fKD{«l--(lltl  li. 


(1) 
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lihete 


(Htl  *  l™i  ■«  ® 
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0 
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0  1 

0 

-kii-i  j 

0 
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L  o 

0 

O       kw.|-fkM  1 

_fc„ 

kK-ifi»M-k»iflEiI 

0 

0 

0 

0  -k» 

kM4k« 

kNHN 

kiMHii-l'kiiSr 

kNBii 

k»fJkiHi'  ^ 

(3) 


m,  DtQ  and  I:    masses  of  each  story  and  the  foundation  and  the  noaent  of  inertia  about 

the  center  of  the  foundation,  respectively 
k,  Ics  and  kR:    spring  constants  of  each  story,  sway  and  rocking  springs,  respectivaly 
Ht    story  height 
His  damping  matrix  [C]  is  prMcrilMd  here  by 


(4) 


where  and  h^  is  the  fundamental  circular  frequency  and  dainping  constant  of  the  system« 
rsspact  i ve ly . 
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Am  veetoc  of  the  relative  floor  dlspIaceMent  {z}  is  expressed  in  tenas  of  liie  noxiMl 
■□da  ■a.triz  [^)  and  tiia  vector  of  nonnl  coozdinata  {t\},  nanely 


iz)  -  {^)in)  (5) 

Substituting  Eq.  5  into  Eq.  1,  the  equations  of  motion  of  the  system  are  expressed  into 
each  node  as  follows. 

H 

5,  '  2Cj  «»  fj         'i  *•  (6) 

whara 


<8) 


In  tb»  above  wcpreaslonr  the  noda  natrix  W  nozmallsed.  In  thia  casaf  a  generalised 
mass  natrlx    M*   »  given  tay  fiq.  9,  oorresponds  to  a  unit  natrix  B  . 

The  autocorrelation  function  of  the  normal  coordinate       is  represented  by 


re  S||j  (p)  ia  tbm  poifar  apectral  densi^  function  of  n^.    Defining      (ip)  and  8<^(p}  as 
the  function  of  the  frequency  response  of  the  system  and  the  potrer  spectral  density  ftinotlon 
of  a  ground  acceleration  xg,  reepeetively*  it  follows  that: 


Sfj  (P)  -  I  Hj  ( i P)  I*  s:, ( P}- 1?  (11) 
Rti<r)-I?£^  |H,<iP)r  .'''SiCP)  dp 


(12) 


Utilisi4)g  the  relation 


Rii<t>  =  — ^Rfj(T>  # 


the  autocorrelation  function  of  r)^  is  represented  by 


Rij(T)«/j'J^^  |H,(iP)  r    P'e'»'  S;^(P)dp 


Vl-4 


Digitized  by  Google 


Representing  the  power  spectral  density  function  of  the  ground  acceleration  kg    as  a  sum  of 
the  power  spectral  density  functions  of  the  single-degree-of-freedom  systems  excited  by 
white  noise  accelerations/  the  function  is  expressed  by 

s;;  (p)  =  1  s„.  (P)  =  1-  — '1  ''•^'fc^'      .  <w) 

wbere  m^,  ^  and  a  are  the  natural  circular  frequency  and  the  damping  oonatant  of  the  aingle^ 
degree-of-freedon  eysten  and  the  constant  power  spectral  density  of  the  %diite  noise  aeoaler- 
«tion«  respectively.    In  general*  the  following  relationship  exists  betiresn  the 
of  i-th  story  and      of  the  s-th  one. 

272".  =       I  #*  - 1  #11        CO)  (15) 

From  the  above  relationship  t  the  mean  square  values  of  the  xesponaea  Z^  and  Z^ 

_  ^  (16) 

R<»,(0) 

'  (17) 
Substituting  Bqs.  12  to  14  into  Eqs.  16  and  17,  the  following  equations  are  finally  obtained. 

where 

r>' s. 


(18) 


Caj=tA*j  »Asi~iAij  4A*)-<-«iWj  •a! 

D.J  ^  I  A,j  (  t A.J  >A.j  - 1  A, J  4 A.J  )  -  >A,|i  (19) 
Bij"»A,|  +iA,j  »aS 


I  A,j  tAi-riA, 

and 


1  1 

1 


<20> 
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(20) 


ths  Man  sfoaxtt  v«1um  of  tlw  ralattw  displaeoMnt  and  veloei^  «t  mmdh  mtary  tuem  glvea 
hr  sinilar  oavtMBlons  luuwlyi 


The  mean  square  values  of  the  rclativs  story  displacement  and  velocity,  substracting  the 
roclcing  effect,  are  also  given  by 


(Z,  -Z,+i  -HiZtH-t  )•  -      I  *»|-#i+ij-B|*ii+»|l»  ».j  -5^ 


(22) 


iSm  Man  aquara*  of  tfaa  taqpooMa  aza  glvan  by  Bqp.  18*  21  and  22.   Tha  Mxlaum  diaplaca- 
Mnts  can  be  MtlMtad  lay  asplioatlon  of  bq.  23,  darivad  by  S.o.  xicOf  to  tliaM  Man 
mq/aarMf  pxovidinf  the  procwaa  la  a  atationary  randon  and  a  Gauaalan  dlatrlbntlon  with  aero 
Man  value. 


where  O^,  0^  and  T  represent  the  standard  deviation  of  the  responses  x  and  x  and  the 
duration  time  of  the  responses,  respectively.    The  mean  squares,  obtained  by  Eqs.   18,  21 
and  22,  correspond  to  the  standard  deviation  of  the  responses  which  have  zero  mean  values. 
Hence,  the  maxiinuin  responses  can  be  estimated  by  substituting  £qs.  18,  21  and  22  into  Eq. 
23,  respectively. 

Mean  Value  amd  Variance  of  a  Function  Composed  of  Stochastic  Variables 

Considering  f(r)  being  a  function  of  the  vector  of  random  variables  r,  this  function 
can  be  expanded  in  Taylor's  series  about  the  mean  values  of  r.    Truncating  the  series  after 
the  third  term,  the  following  equations  are  obtained. 


(24) 
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f 


I 


Baaad  on  tliA  amamptim  that  tiM  variiblM  r  ar«  stodiastlcally  l»d^p«ndant  of  •ach  other, 
nflMly  the  oovariance  of  r^^  and  r^^  la  equal  to  aero  fbr  the  eaae  of  kyfi*  the  mean  value  of 
the  Amotion  f  (r)    la  directly  obtained  froai  this  aqtiiatlon, which  glvaa} 


_     1  a'f(r) 

''<'^*2^     9,*      V,r(rp  (25) 

where  Var(rj^)  means  the  variance  of  the  variable  r^.  The  variance  of  the  function, 
Var(f(r)),  is  givmn  by 


Var  (f(r))  -  El(f (r)  -  f (r))'l 

Svfbstlttttlng  Bqe.  24  and  25  Into  the  above  equation,  the  following  relation  la  finally 
obtained! 

Bqa.  2S  and  26  are  the  fundanmital  fbnnilas  eonceming  the  man  value  and  variance  of  the 
function  £<r) ,  respectively .  Neglecting  the  third  tern  of  the  right  hand  aide  of  Bq.  24, 
the  following  foxmilas  are  obtained,  liietaad  of  Bqe.  25  and  26t 

7(7) -.(r> 


V»f  (<(r)J-^  ^ 

(28) 


The  pair  of  Eqs.  25  -  26  and  Eqs.  27  -  28  are  called  the  formulas  of  "  the  Second  Expansion 
of  Probability  Variance  "  and  "  the  first  Expansion  of  Probabiiity  Variance  respectively, 
in  this  paper. 

EarthquaXe  Response  of  Structures  by  Conaid<>ring  Nondetgrministic  Variables 

ThG  theoretical  approach,  concerning  an  earthquake  response  of  a  structure  subjected 
to  a  random  disturbance,  has  been  given  in  part  2.     The  f undasiental  stochastic  variables  r, 
considered  In  this  application,  are  masses  m,  spring  constants  k,  a  fundamental  damping 
constant  of  the  parameters  iMnoemlng  power  spectral  propartiss  of  the  ground  motions, 
namely  u^,  C  and  s.    All  the  variables  are  shown  in  Table  1.    Ooosegusntlyf  tfie  nuiihar  of 
fundamental  stochastic  variables  are  21H-3L+6,  where  N  and  L  are  the  nusber  of  stories  of 
the  structure  and  the  mmtoer  of  peaks  on  tho  speetmt  of  the  ground  motions,  respectively. 
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Jteplying  th«  fomOM  of  "tiM  rir«t  Bjqpansion"  np.  27  and  28  into  the  mxImim  r««pofiM 
\x\max  glvm  by  Bq*  23*  tlM  f611oirliig  «qa*tioiis  «z«  obtaiiwa. 


|»U(r>-|.U(») 

The  tormer  equation  can  be  directly  evaluated.     However  in  order  to  solve  the  letter  equation, 
tlM  following  Is  required.    First  Differentiate  Eq.  23  with  respect  to  variable  r^^, which 
gkna  tha  folloiring  equationa  fox  eadi  oondltlon  of  tho  sobaeript  1. 
lOK  X^l  (r«  oorraaponda  to  duration  tiM  T) 


(29) 

(30) 


T 


at, 


<31) 


for  1^1 


(32) 

tlw  Tarianeo  O^  and  O^  oorToapond  to  man  aqiurea  and  a*,  rasfpactivvlyr  for  ralativo 
diaplaoaaanta  to  tha  gcoundr  naaely 


(33) 


The  following  eqoationa  ar«  directly  ol>tained  by  differentiating  fiqe.  33  and  18  with  reapaot 


torjj. 


(34) 
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and 


(3S) 


For  ralatlva  story  dlqplaoMNnta  and  thoM  sobstractlng  tha  rodcing  effact,  Eq;s.  21  and  22 
ara  a^pliad  Inataaa  of  Bq>  16.   flia  unknoima  in  tlM  afaova  aqgationa  are  differential  of 
X    /  c    ,  D    ,  E    ,  and  4) . . .    lhaae  are  derived  in  the  following 

Differentiating  Eq.  18-1  with  respect  to  r.,  the  differential  of  x  •  is  represented  by 

*  S3 


Where  9rj/3r£  is  obtained  by  Bq.  oar» 


The  differential  of  C       D  .,  and  E       refering  to  Eqs.  19-2  to  19-4  are  represented  as 

SJ       SJ  83 

follows) 


VI-9 

Digitized  by  Google 


(40) 


'*  ^i\j^^£  ^  ^  abovi*  aquations       darlvad  fros  Bqp*  20-1  to  20-6| 
r««pectivttly; 


4|A^.(jiSj_).(j^)  <" 

-      2     ,  a<»^  V       2     /  ac^j  ,   

■^-^•^(^>-^^^)»    » 

^"^'^^>-^<^>'    « 


(41) 
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iriMttt  ^^/ir^  is  obtaiiMd  Bq.  7«  nanttly 


The  other  unknowns  in  the  above  equations,  namely  9*t>,  ./  5r ,  and  ^O-i./^r^,  are  obtained  by  an 
application  of  the  formulas  of  "the  First  Expansion"  to  an  eigen  value  problem. 
Therefore,    the  right  hand  side  in  Eq.  3-  Ccm  be  calculated  with  the  above  equations,  whiCh 
are  represented  by  the  differential  of  the  fundeunental  varieUales  shown  in  Table  1.  There- 
facet  th«  nean  -v«1im  aitd  varlano*  of  tfa*  nsitiniua  rft«ponM  |it|nax  of  a  struotura  can  be 
theoratloAlly  eatiaated  by  Eqs.  29  and  30 «  if  tiia  aaan  value  and  variance  of  the  fundnMntal 
variable*  are  determined,    fhe  above-BMAtloned  relationahipt  need  to  obtain  tiie  nean  value 
and  variance  of  the  Maxlwin  reaponse  of  a  structure  subjected  to  eaartfiquake  ground  notions* 
are  based  on  the  fozaolas  of  "the  First  Expansion"*  nansly  Bqs.  27  and  28.    J^Iying  the 
fonnilaa  of  "the  Second  Bxpansion"  represented  by  Bqs.  25  and  26  instead  of  "the  First 
Bxpenaion"  to  this  problenr  insteed  of  Eq^,  29  and  30*  the  following  egoations  are  obtained^ 


UL.(r)=|x|,^(?)^;^.  C-^  |«L.(r))V»r(f,) 

V.r<  |«|«.(r)  )-4  (-5{j-|»|^<r>/  Vertr,) 

(7))"  V«r(»k)Var(r,) 


(43) 


(44) 


The  remaining  unknown  tern  is  —  ^I'^Uax^'^^'  ^       above  equations  as  the  first 

k  9. 

terms  of  the  right  hand  side  in  the  above  both  equations  have  been  derived.     Tiiis  term  can 
be  easily  derived  in  the  same  was  a«  described  above.    The  derivation  of  the  theoretical 
relatlonahlp  ooneeming  "the  Second  Bi^anslon"  is  onittod  in  this  paper. 

Earthquake  Response  of  a  Three-Storied  Structure 

In  this  section,  the  theory  concerning  the  earthquake  response  of  a  structure,  described 
in  the  previous  section,  is  applied  to  a  3-6tory  reinforced  concrete  structure  with  sway 
and  rocking  springs  under  the  foundation.    The  dynanio  behaviour  of  the  structure  ehown  in 
Fig.  2  ie  analysed  as  follows,    the  constants  of  the  etructure#  such  as  masses  and  spring 
constants*  are  ahonn  in  Table  2,  where  m^,  i,      and  k^  are  the  mass  of  the  foundation,  the 
namant  of  inertia  about  the  center  of  tiie  foundation,  sway  and  rocking  spring  constants, 
respeotively.    The  swi^  and  routing  i^ing  oonstante,      and  kj^,  are  obtained  by  the 
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relationship,  in  which  and  k^^  are  the  dyr.amic  L^oeff icidnts  of  sub^rade  reaction  in 
horizontal  and  vertical  directions,  respectively. 

AT  * 

B  and  Lt    breadth  and  langltiide  of  the  foundation r  respsctlvaly 
"  klg.en^ 

spring  constant  k  is  estimted  on  the  following  considerations » 


Table  i   Paramurs  of  3-storied  Structure  analyzed 


Hsss 

Spring 

ClMMlt 

NNallllui 

Cesfflclent 
Of  Varlttlofi 

ElMRMt 

Nmr  Value 

Coefficient 
Of  VaHotlen 

■I 

cm 

0.130  **'"'»ec2 

0.17 

^} 

177.8  ^""^^^ 

0.1 

•2 

e.if8 

0.17 

*2 

418.6 

0.1 

0.204 

0.17 

363.0 

0.1 

H 

0.4M 

0.17 

1300 

o.t 

I 

0.17 

2.166*10®**"*'" 

0.2 

Oonaidaring  a  structure  having  a  relatively  rigid  horlsontal  maaibers,  spring  constants  of 
each  story  of  the  structure,  k,  are  represented  fay 


%diere      are  the  valvms  of  borisontal  rigidity  of  each  vertical  nesiber  at  a  corresponding 
story  and  these  can  be  obtained  by  the  aethod  of  Devalue.    Applying  the  fomulas  of  "the 
First  Expansion"  to  Bq.  45,  the  nean  value  and  variance  of  the  spring  constant  k  are 

represented  by 
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V«Hk)>  I  Vtr(Ai) 
1-1 


(46) 


Therefore,  the  coefficient  of  variation        of  the  spring  constant  k    is  represented  by 


Oouid«ritig  that  ths  mMti  vain*  and  varlanea  of  all  vastical  moniaasa  hava 
tha  aaaa  valua,  Kq.  47 


ii, -VN  V»f  (*>  /N*  -  ?*/VH:  (48) 


where        is  the  coefficient  of  variation  for  the  horizontal  rigidity  of  oach  vertical 
Bieinber  at  a  story.     Based  on  the  statistical  arrangement  of  materials,  the  coefficient  of 
variation  0^  for  the  horizontal  rigidity  of  reinforced  concrete  columns  is  estimated  as  0.3. 
The  values  of  the  coefficients  of  variation,  shown  in  Table  2,  were  obtained  by  application 
of  Eq.  48  in  which  aj^=0.3.     The  values  of  the  coefficients  of  variation  for  sway  and  rock- 
ing spring  constants,  k^  and  k^^,  are  0.2.    These  values  were  estimated  from  the  variation 
of  tba  natucal  pttlod  asigiig  nany  standard  S-story  apartnent  housas   eonstruetad  1^  tha 
Jaipan  Bousing  Goxporation.    iha  values  of  the  ooeff ielents  of  variation  for  nass  were 
datarmiiMd  by  tha  relationship  idildi  is  obtained  by  application  of  the  f onnilas  of  ''the 
First  Bxpanalon*  to  the  eqoation  of  aigan  value  on  a  aingla-dagraa-of-fraadoii  aystaa.  in 
tills  eaBSf  the  coefficient  of  variation  for  tiie  natural  period  of  tha  ayatam  ia  aasunad  to 
be  &^*0>1.   iha  aaan  value  and  coafflcioat  of  variation  of  the  daaiping  conatatttr  for  a 

fundanental  wide  used  in  tJiis  exanple,  are  h,"0.06  and  9.  -0.3,  respectively.    These  were 

i  hi 

detexnined  by  a  statistical  analysis  of  the  saterials  ooneerning  daqping  oonstants  of 

Biany  actual  structures.    Finally,  the  properties  of  tha  earthquake  ground  Motions  must  be 

detcnnincd.     In  this  example,  it  is  assumed  that  the  structure  is  conetructed  in  Muroran« 
where  many  strong  earthquakes  have  been  observed.     Fig.   3  shows  the  power  spectra  of  a 
ground  accelerations  observed  in  Muroran  Harbor.     However,  a  simulated  power  spectra 
corresponding  to  those  of  the  observed  earthquakes  can  be  obtained  by  use  of  Eq.  14,  where 
parameters  a>^,  ^  and  s  in  Eq.  14  are  assumed  as  stochastic  variables.    Fig.  4  shows  the 


siflHilatad  poller  spectra.    Theae  two  figures.  Figs.  3  and  4, are  quite  sivilar  to  eadt  other. 
Therefore,  the  aivulated  power  i^pectra  shown  in  Fig.  4  were  utilised  in  the  following 
nmerical  oaloulatlon.    The  praseribad  men  value  and  variance  of  paraaeters  w^,  C  and  s  on 
the  sisnlated  power  ipectra  are  shown  In  Table  3.    The  standard  deviation  of  the  ground 
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Tab1«  3  Constants  for  Simulated  Power  Spectral  Density  FuMCtfon 
of  Earthquake  Ground  Motion  at  Huroran  Harbor 


Mean  Value 

Coefficient  of 
Variation 

Predonlnant  Frtquency 

15.57rad/sec 

0.16 

Damping 

C 

0.235 

0.08 

Power  Level 
S 

0.17 

notions,  having  this  slaiulatsd  pcnrar  spnctra,  a~  <  is  70  gals.    ThB  M»«i«wi  acoelttratlon  in 

about  3  tinea  as  great  ae  the  standard  daviation  in  this  case,  nanely  210  gals.    The  nean 

value  and  coefficient  of  variation  for  a  tine  duration  of  the  ground  notions  are  assuned  to 

be  ^30  seconds  and  a  =0.2. 

T 

Fig.  5  shows  the  stochastic  distribution  of  the  maxinun  responses.    The  solid  lines  in 
the  figure  show  the  mean  values  of  the  maximum  diqplacenents.    The  broken  chain  lines  show 
the  conf idoricc-  band  IccatdJ  on  either  side  of  the  mean  value  at  a  distance  of  the  standard 
deviation  and  th«  maximum  displacements  corresponding  to  9  5'  probability.     The  probability 
distribution  of  the  maximum  responses  is  assumed  to        Gumbol'Li  Firat  Asymptotic  Distribu- 
tion.    The  coefficient  of  variation  of  the  rndxirauni  displaccmenta  aad  t\m  ratios  of  the 
nean  naxiinuro  displacements,  corresponding  to  95%  probability  to  the  maximum  displaoenents, 
are  shoim  in  Pig.  6.    The  ooeffieienta  of  variation  of  the  naxlmin  diaplacenents  are  about 
0.3  to  0.4  and  the  naxlnon  displacenente,  corresponding  to  95%  probability,  are  about  1.8 
tines  as  nodi  as  the  nean  naxinun  di^laoenents.   This  fact  shows  that  the  stochastic  vari- 
ation of  the  earthquake  respotiae  of  a  structure  is  extremly  intportant  in  designing  a 
structure  with  proper  safety  against  aarthqualce  ground  notions. 

Effect  of  Stochastic  Vari.abl&s  to  Variation  of  Karth-juaXe  Response  of  a  Structure 

The  structure  nodel  used  in  previous  section  is  exanined  again  in  this  section. 
The  coefficients  of  variation  of  the  stodiastic  variables,  used  in  the  previous  section, 
are  eaployed  as  the  standard  values  of  these  ooeffleients  of  variation.  Varying  indepen- 
dently all  the  coefficients  of  variation  of  mmeik  one  of  all  sto^MStio  variables,  in  tiie 
range  of  0.05  to  0.4,  gives  the  results  shown  in  Flg.s  7  to  9.  The  significant  features 
in  these  figures  are  as  follows: 
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(1)  The  most  influential  factor  in  the  variation  of  the  maximum  displacements  is  the 
variation  of  the  predominant  frequency  uj^  of  the  earthquake  ground  motions. 

(2)  The  variation  of  the  spring  constants  k  of  the  structure  is  the  most  inflaer.tial 
factor,  as  well  as  the  predominant  frequency  w    of  the  earthquake  ground  (ootions, 
to  tiie  variation  of  the  naxinun  story  displacenent. 

(3)  fhe  wxlafeian  of  mass  iif  fundonental  danplng  eonatant  h^  of  tha  atnictura  and  the 
daniping  eonatants  %  in  the  power  spectra  of  the  earthquake  ground  notions  are  not 
significant. 

(4)  Dm  varlaticm  of  the  spring  oonstants  of  the  structure  is  not  influential  in  the 
variation  of  Umt  naidaiuK  responsa  of  the  foundation.    Similarly^  tlia  variation  of 
the  Biray  and  rocdcing  constants  i>  not  influential  In  the  variation  of  the 
■axlflnm  response  of  the  structure,  except  for  the  foundati<m. 

(5)  The  variation  of  the  duration  of  tine  of  the  earthquake  ground  notion  is  not  an 
iinportant  factor. 

In  this  example,  the  predominant  period  of  the  earthquake  ground  motions  is  0.4  seconds, 
while  the  fundamental  period  of  the  structure  is  0.38  seconds.    Therefore,  it  is  natural 

that  the  variation  of  the  predominant  frequfincy  of  the  ftarthquake  ground  nration  is  an 
important  influential  factor  with  respect  to  the  variation  of  the  maximum  response.  Hence, 
it  mufit  be  recognized  that  the  feature  described  in  (i)   is  not  general.     It  is  expected  that 
the  variation  of  the  predominant  frequency  of  such  earthquake  ground  inotions  as  white  noise 
excitations  are  not  effective  with  respect  to  the  variation  of  the  maximum  response. 

Conclusion 

A  Study  of  the  stochastic  earthquakti  response  of  a  structure,  which  conaiata  of  a 
nondeterministic  stochastic  variaJales,   is  exiilainei  in  this  paper.     If  the  statistic 
properties  of  the  nondetorminiatic  variables  relating  to  the  problem  of  earthquake 
responses  of  structures  can  be  obtained  with  sufficient  accuracy,  then  the  response 
properties  of  a  structure  si^jaotad  to  earthquake  grownd  votlona  can  he  reasonably  evaluated 
by  the  stochastic  theozy  described  herein. 
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Tibia  1  AetMl  Variikte  Factors  Oorrespomlfng  to  rrabibtltstic  Variable 
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This  paper  daaonfltratfta  a  aathod  for  deaignlng  least-^lght,  or  optlalsad,  •truatariea 
when  a  thraahold  fzeqqeiioy  (within  appropriate  force  factors)  ia  kaoen*    flie  process  is 
highly  aseMble  to  a  job^fay^job  application  due  to  its  slavUcity.    Stoall  aatiienatlcal 
nodele  of  a  atructure  can  be  analysed  by  a  hand-calculatcar  while  standard  static-loed 
finite  eleneat  jpcograas  can  be  used  for  large  structures. 


Kay  Hbrds:    Least'  waight«  optinisation,  stmctures#  freqaenqy 
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intgodqetion 

Aazospaoe  dttslgnaxB  have  long  faMn  designing  component  stniotwee  to  a  ainimal-funda- 
nental,  or  "thre^U",  frequency  specif loetion.    In  general*  ^^ynanlc  foroe  levels  l4npos«d 
in  audi  designs  are  determined  by  the  i^incipal  inertlal  force  excitations  to  nhicii  the 
structure  nnder  design  will  be  subjected  at  frequencies  kncMn  to  be  below  the  specified 
"tiireshold  design  frequency".    Uhdoubtedly  such  oonoepts  nay  have  been  used  in  various 
aarthqaaka-relatad  analyses  and  designs.    Hore  fornalised  procedures  as  specified  by  vari- 
ous codas,  however,  fall  into  two  categories i    a  table  of  cosponwit  forces  (idiieih  often 
result  in  grossly  ccnservatlve  or  grossly  underdesigned  structures)  i  ok  sophisticated 
cosvuter  analyses  using  detailed  aodels  Hhidi  undergo  ^rnaaie  tian-history  force  sianilationei 
Such  sophistication  is  well  known  to  be  expensive,  time-consuming  amd  somewhat  arbitrary  in 
earthqtiake  analyses  due  to  the  approximations  used  as  the  forcing  functions.     Such  large 
prograns  often  have  the  hazards  of  inadequacies  in  the  mathematical  algorithms  and  error- 
conditioning  problems  with  large  models. 

Although  it  may  not  appear  as  generally  applicable  for  ground-supported  structures,  the 
design  of  substructures  for  earthquake  induced  forces  could  use  such  aerospace  methods. 
By  "suDstractures"  here  is  meant  any  component  structure  for  which  the  predominant  fre- 
quency to  which  it  may  be  subjected  is  known  to  a  reasonable  degree  o£  accuracy.    For  ex- 
ample, radio  towers,  wateartanks,  electrical  gear,  etc.  which  are  sivported  by  larger 
structures  will  be  subjected  to  the  natural  frequencies  of  the  "base  structure**  regardless 
of  the  earthquake  qpectrvn.    CTMhnicallyi  *'larger*'  structure  would  imply  considerably 
hi^er  dynaaic  nodal'-iMss)    Bf  knowing  the  approKimate  amplification  factors  for  the 
principal  contributing  frequencies  (and  corresponding  base-excitation  levels)  of  tiie 
*'ba8e  structure,"  a  substructure  specification  for  the  1)  dynaaie  anpllfication  factor, 
2)  arbitrary  safety-factor  and  3)  tiireshold  design  frequMuqr  can  be  deterained.    (Vhls  has 
assuBBd  eonsideration,  where  neeeasBxy,  for  an  assmad  nass^sprlng  ref^esenting  the  siA>^ 
structure  as  part  of  the  ''base  structure"  nodel.)   Hie  azbitraiy  faetor-of-safety  would 
take  into  consideration  the  spread  between  the  specified  threshold  design  frequency  and 
the  fundamental   (or  major  contributing)   frequency  of  the  "base  structure",  in  addition  to 
the  assumed  possible  accrued  errors  in  the  particular  analyses. 

For  these  reasons,   this  paper  demonstrates  a  method  for  designing  least-weight,  or 
optimized,  structures  when  a  threshold  frequency  (with    appropriate  force  factors)  is 
known.    The  process  is  highly  amenable  to  a  job-by- job  application  due  to  its  simplicity. 
Small  matheinaticai  inodels  of  a  sturcture  can  be  analyzed  by  a  hand-calculator  while 
Static- load  finite-element  programs  can  be  used  for  larger  structures.    Design  (member- 
selection)  aethodSr  whether  bf  hand  or  by  special  program  algarithms,  beoomes  the  sante 
cooBon  set  of  procedures  as  would  be  introduced  In  any  optiaiUBt-design  methods. 

Structural  OptimiaatJ.on  Methods 

Mith  the  increasing  availability  and  intridty  of  finite-element  matrix  programs  for 
structural  analysis,  there  has  been  a  growing  interest  in,  and  developnent  of  structural 
optimisation  procedures  to  augment  those  ^ograms.    Tb^  generally  optimise  by  minimising 
weight  and/or  coat  or  a  aimilar  ebjeetlve  function.    Finite-element  programs  use  matrix 
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ev^xmsmiktMtijaaMf  or  IdMlisatlon*,  of  real  atruetores  for  the  purpose  of  behavioral  analyses 
under  various  loading  conditions  and  constraints. 

Noet  netliods  and  aeplioations  involving  optiaiution  of  dynanic  pxopertlea  and  behavior 
of  struotnres  have,  in  general,  incorporated  the  basic  procedures  of  prior  studies  in  opti'^ 
Kintion  under  static  load  conditions. 

The  goal  in  structxiral  optinization  is  to  minimize  a  prescribed  merit  function.  This 
merit  function  could  be  weight,  cost,  fabrication  criteria,  or  a  combination  of  these  (7). 
Active  constraints  on  the  minimization  of  the  norit  function  (or  "optimality  criterion") 
would  be  the  analysis  equations  for  the  set  of  design  varictbles,  such  as  stress  solutions 
for  the  design  of  the  members,     side-constraints  would  be  limits  on  di?5placeinents ,  minimum 
member  sizes,  etc.    These  constraints  must  not  be  violated  when  optiinisiiiy  the  taatliciriaticai 
representation  of  the  structure  to  a  particular  merit- function.    In  those  cases  where  the 
geonetry  ia  to  be  optimizecl,  voluiae  or  space  constraints  may  be  inposed. 

Structural  optiaisatlon  netlioda  can  be  divided  into  two  general  categories  i  ■athenatlo 
cal  pirograaning  involving  searefh  techniqpiee,  and  optinality  procedures.    The  principally 
Identified  SMthods  in  the  first  category  are  feaaible-usable  direction  (16) ,  gradient 
projection  (17) ,  optiwai  vector  (8,9) ,  linear  progransing  (15)  and  allocation  (13) ,  all 
being  defined  ea  explicit  ainimisatlon  processes.    Implicit  nlninlsation  method*  in  the 
same  general  nattieoiatical  seer^  category  are  steepest  descents  (18) ,  adaptive  gradients 
(19) ,  vaciable  natrie  (20)  and  conjugate  gradients  (21) .   These  identities  are  Indicative  of 
the  redesign  seardh  routine  algoritha.    "Xaipllclt'*  nethods  use  penalty  functions  (14)  to 
transform  a  constrained  minimization  problem  to  an  unconstrained  one.    Ctmc^tually,  these 
can  also  transfma  discrete  values  of  the  design  variables  into  general  unconstrained 
functions . 

The  optimality  procedures  include  fully-stressed  deisgn  (22,  23,  24,  25,  26,  27,  4),  uni- 
form strain-energy  density  (26,  29,  27) ,  simultaneous  buckling  (30,  6} ,  and  limit  design 
(10,  12,  3). 

Hoat  aicBHples  dsMonetrated  in  the  natfaematieal  search  technique  group  have  been  SMllf 
•inple  Models  of  stsuctuces,  generally  involving  static  loading  conditions.   These  proced- 
ures are  very  tisw-eonsuning,  nay  not  nonotonically  converge  and  involve  much  progranning 
effort  (8,  9,  16). 

Virtnally  all  practical  applications  involving  larger  model  xspresentations  of  real 
atruetures  have  enployed  one  of  the  optinality  nethods.    Conceptually,  the  ^tinwllty 
netiiods  require  solution  of  first  derivatives  of  the  merit  function,  or  a  aubstitute  function 
in  vhidi  ease  the  netlMd  is  classified  as  a  substitute  optimality  process.    (For  exaafple, 

the  use  of  fully-s tressed  convergence  is  substituted  for  minimum  weight.)     In  the  actual 
iterative  procedures,  derivatives  ar#'  not  sal;  .:! a*Ha   :;:H-ifically,  hence  the  redesign  calcu- 
lations are  relatively  few.     In  the  raathenati cal  searcn  technique,  however,  second  deriva- 
tives must  be  extracted  or  approximated  at  each  iteration  to  determine  sensitivity  coeffi- 
cients for  redesign  coward  a  minimum  of  the  merit  function. 
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The  two  substitute  optimality  methods  which  have  been  used  with  success  are  fully- 
stressed  design  and  uniform  strain-energy  density  design.     These  have  been  used  for  linear- 
elastic  design  structures.     With  the  exception  of  auch  techniques  aa  i-eiialty  functions  (14) 
in  thenathenatleal  search  procedures,  in  general,  with  the  exception  of  specific  side- 
QanstraintSt  wmt  have  equlvalmt  llnaarlsed  functional  r^rea^itation.    Such  linaar  repre- 
aentation  of  diaereta  valuaa  ara  ganerally  ai^oxinata  and  cannot  always  b«  so  eiipraased. 

In  the  nala  of  ^tiniaation  of  structurasi  tha  penalty  fgnetlonf  or  uneonatrainad 
optimisation,  tedmiqaea  have  not  been  vary  efficient.    Such  penalty  functions  intxodoea 
near-alngularltias  in  tha  search  process  with  consequent  instabilities  (7) . 

Most  literature  on  applications  and  comparative  reviews  conclude  that  the  nore  effi- 
cient and  sucottssful  methods  have  bean  those  of  the  optimalltyf  or  substitute  optlnality 
category. 

It  has  long  been  known  that  single  structures  optimized  under  a  ono-load  condition  will 
converge  to  a  determinate  structure  in  the  absence  of  side-constraints  which  maintain  mini- 

m\m  sizes  for  all  rrerrbers  in  the  original  structure  (25).     (One  frequency  constraint  is 
considered  the  dynamic  equivalent  of  a  one  load-conditicn . )     That  determinate  structure 
will  have  member  sizes  determined  only  by  the  forces  in  the  members.    The  allowable  stress 
could  be  prescribed  by  strength,  yield  or  buckling  criteria,  and  may  be  different  for  each 
oieinber. 

The  two  methods  used  today  for  practical  size  problems  under  dynamic  constraints  or 
loading  oonditians  are,  as  in  the  case  of  static  loads,  Vt»  substitute  optlnality  approaches 
of  fully-atressed  design  and  imiform  strain-energy  density  design.    These  two  produce  the 
sane  optlnnn  structure  when  the  structurs  is  made  of  only  one  natarial. 

in  tha  case  of  resonant  frequency  pptlnisatlon  by  fully-stressed  nethods,  the  allowable 
stress  is  unifom  for  all  neabera  in  the  structure.    This  is  to  say  that  if  strmgth 
criteria  do  not  preclude  the  adjusted  stMss-level,  fully-stressed  nethods  in  the  dynanio 
ras<»ianca  case  will  reduce  >tha  stresses  unifonnly  (therslay  increasing  sixes)  .to  provide  the 
stiffness  sought.    This  step  is  often  called  "proportioning".    Re-analysis  is  then  necessary 
as  the  mode-shape,  and  consequently  the  effective  force-distribution,  changes.    As  noted 
earlitr,   sido-constraints  may  bs  Introi-iucfirl  to  preserve  strength  ir.  particular  members. 

The  primary  use  of  structural  optimizatiori  procedures  in  dynamics  problems  has  been 
to  optimally  adjust  the  fundamental  frequency  of  the  structure  while  assuring  all  additional 
strength  requiretnents. 

One  reference  (25) ,  is  of  particular  note  here  in  that  it  is  a  representative  practical 
application  of  optimizing  a  real  structure  to  a  fundamental  frequency  threshold  level  by  the 
fully-atressed  substitute  optlnality  approach.    The  authors,  Young  and  Christiansen,  point 
out  that  they  do  not  find  an  absolute,  or  global,  optinum,  but  they  do  produce  a  "good, 
efficient  structure. **  * 

Iheir  procedure  was  essentiallyi    1)  produce  an  original  designi  2}  analyse  for 
resonant  frequencies  in  the  reduced  nodels,  node  shapes  and  corresponding  nodal  forces  in 
the  detailed  aodelt  and  3)  redesign  (or  proportioning).    These  three  steps,  basic  design, 
analysis  and  redesign,  are  the  fundanental  steps  oonnon  to  all  iterative  optiniaation  nsttiodn 
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Thla  paper  dascrlbM  a  sliplat  stable  nailwd  for  adjoBtnent  of  the  entire  frequency  sat 
to  a  iKlntiwaa  levvl.    Die  structure  adjusted  by  this  •fficiant  Mthod  will  be  slvultenaeusly 
oiptiBdsed  to  a  least  weight  criterion  without  repairing  the  use  of  eigenvalue/eigenvector 
extract  ion  routines  #  or  algorithas  to  transposa  note  shapes  to  forces.    Ihls  procedure  con- 
verges rapidly  and  requires  only  standard  finite-alenent  prograas  for  static-load  conditions. 

Proc»dur« 

For  those  casss  vhere  the  entire  set  of  eigenvalues  Is  shifted  to  provide  a  fundaDwntsl 
freqqsaey  abova  «  prescribed  MilniiniM  level,  proportioning  of  the  structure  is  possible. 
Methods  for  total  adjustment  with  proportioning  have  been  presented  in  the  Uteratore  as 
deseribed  earlier.    It  is  often  possible,  however*  to  obtain  such  results  by  a  rapidly 
converging,  stable  process  using  finite-element  programs  written  for  static- load  analyses. 
The  economy  so  realized,  as  contrasted  to  the  use  of  elgnevalue  extraction  routines,  permits 
the  use  of  larger,  more  detailed  models  m  these  instances.     The  element  of  instability  of 
compariibie  methods  in  the  literature  is  principally  inherent  in  the  algorithms  used  to 
transpose  mode-shapes  to  relative  forces  in  the  structural  elements  (25,  4).     Modal  extrac- 
tion and  tran^t^sition  are  not  explicity  reciuired  in  the  tcuniliar  Rayleigh  energy  method  to 
obtain  tiia  fundunntnl  fraqueney  of  «  atrueturs.    AlsOf  by  using  the  more  detailed  model 
of  a  structure,  rotary  inertias  gsnerally  become  insignificant.    Their  exclusion  in  e 
Raylelgh  approximation,  consequently,  does  not  seriously  affect  the  results. 

Static  equivalent  loeds  Whidi  can  be  factored  by  any  arbitrary  constant^  are  lapoeed 
by  retio  and  dixaction  in  aocordanoa  with  the  assumed  (aEproKimete)  fundamental  mode-sh«pe. 
Resulting  forces  are  then  extracted  by  the  routine  stlf fhess  matrix  procedures  fox  static 
loads.   The  force  set  is  then  linearly  proportioned  to  achieve  a  fullystrssed  state  in 
that  menber  whieli  aqperluioas  the  nnmarleally  largaat  fovea  ualng  the  pravalliag  else  of 
that  member.     All  members  are  then  simultaneously  proportioned  to  the  forces  and  snalltd 
by  the  ratio  of  './^'•y^  where  X^,  is  the  desired  eigenvalue  level  and  ^  is  the  currently  ex- 
tracted approximation.     The  process  is  repeated  using  applied  forces  proportional  to  the 
latest  mode-shape.    The  iteration  is  complete  in  the  Rayleigh  method  when  the  extracted 
approximates  A.,  desired. 

This  modified  Hayleigh  method  is  simultaneously  converging  to  the  true-node  shape  of 
the  fundamental  mode  while  being  proportioned  accordingly. 

In  most  eases,  an  approximsta  mode-sh^te  is  known.   Ilhan  this  is  not  the  oaasr  It  would 


be  advisable  to  use  a  procedure  such  as  the  "inverse  power  method  wltii  Aifts"  to  extract 
the  fundanantal  frequency  and  its  correqionding  mode-sh«pe  for  only  the  first  stesk'^^' 
VoUowing  adjustsionts,  the  routine  Baylelgh  method,  as  modified  above,  may  then  be  ussd. 

OonvergMioe  can  be  assured  by  cdiadclng  the  total  structural  waight  ujpon  each  auoeassiva 
redesign  st^.    if  there  is  a  divergence  due  to  a  poor  dhtiaated  mode-shape,  it  is  cnly 
necessary  to  carry  the  Rayleigh  iteration  to  successive  steps  (without  proportioning)  until 
ocnvergenoe  Is  assured.    The  advantages  of  this  method,  in  contrast  to  those  in  tlie 
literature,  are  1,  since  only  the  fundamental  frequency  is  of  concern,  the  Rayleigh  method 
is  efficient  and  eoonoadoali  and  2.  the  alamant  forces  ara  alraady  known  during  aach  step 
to  the  process. 
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The  following  is  a  statement  of  the  basic  Rayleigh  iterative  steps. 


j 

r  F 

r-l 


rl 


A"  I         (4  )' 


Ubaxm  T^^  ar«  tlM  inertia  foress  corsespondlng  to  an 


(or  prior  calculated) 


A"       ana  tita  daflaetlan»  Am  to  F^^  i^era  4^"  1«  th«  notM«lis«d  vtetott  (5) . 

Example 

A  ainpla  3x3  natrix  modal  ia  ahown  in  Figure  1.   Tbe  ach«natl«  qpving  nodal  eorxtteponding 
to  the  Btruetnral  aodel  ia  identical  to  one  need  in  Reference  (S) .    The  firet  Iteration 
cycle  is  identical.    The  sdbeeqiueat  steps  toward  weight/frequency  optiBlsation  can  be 
pared  with  tiie  elementary  method*  in  that  reference,  %fhareby  only  the  extraction  of  the 
original  fundamental  fregpenoy  was  required. 


//////. 


Mi"2  Ib-secViB 
(772  lb) 

M,-l  Ib-sec^/lA 
086  lb) 

Mj*!  Ib-sec^/ln 
(386  lb) 


I 


"1  VW 


Flsnre  1 

3  Degree-of-Freedom  Exasfpl*  of  Optlnal  Adjiwtment 
of  VlindamenUl  Frequenej  bj  Rayleigh  Kethod 


Table  1  illustrates  the  steps  in  a  simultaneous  Rayleigh  extraction  of  the  fundamental 
frequency  of  this  structure  while  proportioning  members  to  optimized  its  weight.     It  con- 
currently shifts  the  fundamental  frequency  to  a  prescribed  threshold  level  of  u>  =  30  rad/sec* 

Tho  assumed  mode  shape  is  obtained  by  a  Iq.   force  on  each  mass.     The  first  cycle  pro- 
duces a  Irequency  of  28.2  rad/sec,  and  a  isode  shape  of  1,  2.02  and  3.22.     The  spring  stiff- 
nesses (used  in  the  Fig.  1  sohenatio  to  illustrate  the  method)  are  then  adjusted  to  6000 # 
4340 r  and  2670  Us/in  to  reanlt  in  a  uniftoxm  ateaa.    ihia  ia  obtained  in  tills  case  by  assoning 
the  affectivB  sqpring  langtha  equal  and  qpring  atiffheasae  proportional  to  area.    If  a  spring # 
therefore,  has  twice  the  area,  it  has  twice  tha  weight  (fbr  the  sane  lengths)  and  will  take 
twice  the  fc»rce  at  the  eane  stceee.   ihe  node  shape  to  which  this  nodal  nnat  .ooverge  can  be 
xaoogniaad  to  ba  1,  2,  3  fiOs  tiwaa  oondltiona.    Ihat  "coavutod  moda  ahapa"  ia  aeiiiavad  in 
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Mcond  cycle  following  proportioning  of  the  springs,    niat  cyelo  produced  a  frequency 
10  •  29.5  (increased  due  to  the  bMis  of  the  spring  proportioning) . 

The  third  cycle  is  wcact*  in  tiiis  instanosf  as  the  assonad  and  ooaputed  Mode-ahapea  are 
identical.    Hbm  casulting  fraquancy  is  29.3.    An  adjustaiant  by  uI/Ia)  of  the  stiffnesses  to 
pcodnoe  30.  rad/sec  results  in  the  ninianm  total  weight  springs  as  shown. 


In  oonclualon^  the  above  exanple  has  danonstrated  "fully-stressed"  optinisatlon  con- 
current with  threshold-frequency  adjustment  by  a  procedure  so  siaple  as  to  permit  ttie 
solution*  in  this  instance,  fay  the  use  of  a  hand  calculator.   She  use  of  a  model  used 
earlisr  in  texts  (to  demonstrats  the  Rayleigh  method)  was  to  permit  comparison  with  this 
paper 'a  augmented  method,    in  addition,  tiie  particular  modal  was  thought  to  be  of  an 
"optimal"  variation  in  mawfcer  sisea  (for  first-mode  stresses)  at  the  beginning  of  the  pro- 
cess.   Further  efficiency  in  weight  was  obtained. 

The  possible  applications  to  sarthquake  design  of  sub-structures  become  most  apparent 
vipon  reviewing  the  reasons  for  such  requirements  and  applications  in  the  design  of  aero- 
space atructures. 


Conclusion 
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DOCIILB  SaSftR  MALLS  IN  EMtlllQOAXB-RBSISTAMT  MDLTISTORy  BUILDINGS 

by 

Mark  Fintel 
Director,  Bnglneerlng  services  Department 

Portland  CGwent  Association 
Skokie,  Illinois  60076 

ABSTRACT 

Slender  ehear  wells  in  Multistory  buildings  ere  discussed  in  this  paper  end  ensiMrs  ere 
given  to  such  questions  as  "f)hy  do  we  need  them?"  and  "Hhat  do  we  know  about  their  design?". 
Also  discussed  are  the  historical  developnent  of  the  use  of  diear  walls  r  their  performanoe 

in  earthquakes  of  the  past  10  years  (both  good  and  bad) ,  and  finally,  the  available  design 
information  and  our  future  needs  in  the  area  of  design  of  shear  walls  for  strength,  stiffness 
and  ductility,  as  well  as  needs  in  the  area  of  analysis  for  the  dynanic  response  of  shear 
wall  structures. 

Key  Wards:    Buildings;  Daaagej  Dynsaic  Response;  Earthquakes;  Safety;  Shear  Wall;  Stiffness* 
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8l«nd«r  alMAX  walls  can  ba  dafinad  as  vartloal  cantilavara,  itltii  various  cross  saetlons 
socb  aai    rectangular  (a  vertical  plate),  I,  box,  and  other  elevator  walls.    The  shear  walls 
support  the  vertical  load,  in  addition  to  their  function  to  stiffen  the  frames  in  their  re- 
sistance to  lateral  loads  due  to  winds,  earthqueike  or  blast.     Although  interior  and  exterior 
concrete  walls  have  been  used  to  stiffen  structures  as  long  as  reinforced  concrete  itself 
has  been  in  use,   the  modern  concept  of  shear  walls  designed  as  vertical  slender  cantilevers 
were  first  utilized  in  1948  in  housing  projects  in  New  Vork  City  and  in  Chicago  in  buildings 
designed  for  wind  forces,  to  augnent  the  lateretl  resistance  of  the  freunes. 

la  noneartliquake  areas  of  the  Dnited  States  and  Canada  concrete  buildinga  with  aore 
than  15  to  30  stories  are  usually  designed  with  Shear  walls,  primarily  to  inipirave  their 
atifftiess.   EoonoBiieally#  tiie  inclusion  of  shear  walla  ssens  to  be  the  least  avmaive  way 
to  increase  tiie  ovwrall  rigidity  of  concrete  buildinga »  sines  ttasy  serve  the  triple  function 
to  sqpport  gravity  loads,  to  provide  lateral  resistance^  and  to  function  aa  a  irall. 

Jknalyais  for  lateral  loads  of  buildinga  containing  shsar  walla  waa  carried  out  initially 
in  the  l9S0Sf  by  assigning  all  the  lateral  loads  to  the  shsar  walls,  sines  it  was  felt  that 
the  vary  big  difference  in  stiffness  between  tiie  shsar  walls  and  the  fraae  would  causs  the 
shear  walls  to  aeoept  the  total  lateral  loads.   This  inaccurate  assuivtiati  nev  have  been 
conservative  for  the  contiutation  of  shear  wall  moments;  it  is,  however,  not  conservative  for 
the  frame,  and  particularly  in  the  upper  parts  of  the  building. 

Formal  procedures  for  shear  wall-frame  interaction  were  first  introduced  in  the  early 
sixties.  Fig.  1  shows  the  concept  of  the  interaction,  with  the  resulting  internal  forces, 
which  substantially  increase  the  overall  stiffness  of  the  combined  system. 

Host  of  the  recent  prominent  ultra-high-rise  reinforced  concrete  buildings  were  built 
without  aiqr  additional  coat  for  tiie  lateral  realstance,  idiieh  was  nostly  accomodated  within 
the  33  percent  increase  In  tiie  allowable  atreaaea  %dien  lateral  loads  are  oonaidered.  1!he 
high  lateral  rigidity  was  achieved  aa  a  result  of  tlie  Shear  wall-frams  interaction. 

Performance  in  Earthquakes 

To  judge  the  merits  of  shear  walls  for  earthquake  resistance,  an  examination  of  their 
performance  in  earthquakes  should  be  made,  and  particularly  the  comparative  behavior  of 
frame  buildings  and  buildings  containing  shear  walls  during  the  earthquakes  of  the  last  10 
years,  starting  with  the  earthquake  of  Managua,  and  going  back  in  chronological  order  to  the 
other  earthqpiakes. 

Managua  Earthquake,  1972 

The  earthquake  of  Managua  of  Deo.  23,  1972  aeena  to  be  the  neat  aignlficant  of  the  re- 
cent earthquakee,^  sines  sids  by  side  were  tuo  buildings  (Fig.  2)  repressntiag  the  two 
different  structural  ayateBS.    The  building  on  the  left  Is  the  IS^stoty  Banco  Central  whi^ 
ia  principally  a  fraee  building,  while  the  building  en  the  right  is  tiie  Baneo  Ds  Jlnariea,  aa 
le-story  ahear  wallfrane  interactive  syeten. 

The  Baneo  Central  was  designed  in  the  early  19Msi  the  structural  eysten  of  the  tcwer 
(Fig.  3)  is  a  one-bay  frame  with  two  small  reinforced  concrete  cores  and  an  infilled  wall  et 
the  end  of  the  building.    Xheae  stiff  elenents  Bay  have  dona  tiui  structure  aore  ham  than 
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good  by  Intxodualng  torsion  due  to  thoir  off-oMit«r  location. 

Tbm  building  wu  Bubjectad  to  violant  ■hoking*       could  ba  obaurrad  fzon  tho  daaaga  of 
tha  nonstrttctural  elenenta,  both  inside  and  outside  (Fig.  4).    Bxoeg^t  for  the  4th  floor 
steal  roof  over  tha  audltoriw  idiidi  fell  off  its  sqpportr  tha  doly  structural  dasiage  db- 
aerved  in  tha  building  was  soae  ripping  batman  tha  off-canter  core  and  tha  slab*    lha  atrue- 
tural  fraaa  of  tha  tower  itaelf  ahcwed  little  distress,    itaere  was  evidence  of  yielding  at 
aoBM  junctions  between  the  colunns  and  tha  baaaai  hcweverf  the  atruoture  had  enou;^  ductility 
(idiether  designed  for  it  or  not)  to  sustain  the  large  distortlms.    Inside*  however/  the 
building  was  in  shambles  over  nost  of  tha  stories r  due  to  the  extrasiely  violent  shaleing  ex- 
perienced by  the  building. 

In  contrast,  the  building  across  thf?  corner,   the  IR-ntory  Banco  De  Trfnerici,    (Fie.  2) 
exhibited  an  entirely  different  perfmance,   both  inside  and  outside.     The  plan  ot  the  build- 
ing contains  four  centrally  located  cores,  arranged  symmetrically  within  the  peripheral 
column  system  as  shown  in  Fiq.  5.     The  cores  are  interconnected  by  two  rows  of  stocky  beains, 
many  of  which  are  penetrated  by  ducts.     A  general  co.miaent:     the  number  of  shear  walls  in 
this  building  is  substantially  higher  th«m  is  usually  provided  in  wind-resisting  buildings 
of  ocnparnbla  height  and  plan  aise. 

Um  intarconneoting  beans  betMeen  the  cores  suffered  repairable  shear  damage  throu^ 
soat  of  the  height  of  the  building,   cbaerving  the  large  awunt  of  flexural  reinforcenant 
in  the  beans*  it  ahould  be  recognised  that  it  is  alaost  Iseossible  to  provide  enough  ahear 
oapaoity  (tdtether  the  beans  are  penetrated  fay  duots  or  not)  to  be  able  to  develop  flexural 
hinging  at  the  ends  of  the  beans. 

flMre  was  very  little  evidence  througlhoat  the  height  of  the  building  of  any  violent 
shaking.    All  the  furniture  was  in  place,  and  tbara  waa  no  diacamibla  nonatructural 
danaga. 

A  eonparison  of  the  above  two  buildings  shows  that  both  were  wall  designed  and  well 
constructed,  within  several  years  of  each  other.     Both  buildings  werp  designed  according  to 
the  United  States  west  coast  standards  in  force  at  the  ti:ne  of  their  design.     Although  both 
buildings  were  stibjecrted  to  the  same  earthquake  motion,  one  had  very  severe  architectural 
damage;   the  other  could  be  reoccupled  iBimediately  while  the  repairs  proceeded.     There  was 
only  one  difference  between  the  two  buildings  -  a  healthy  system  of  shear  walls  which  re- 
atricted  tha  intaratory  distortions*  thus  providing  damage  control. 

Figs.  6  and  7  ahow  another  pair  of  conparative  buildinga  from  the  Managua  earthquake. 
Both  of  thasa  S-atory  buildings  were  located  in  areaa  of  high  danaga.    The  S-atory  Inauranoe 
Building  (Fig.  6)  outwardly  appeared  so  badly  damaged  that  people  did  not  trust  thenselves 
to  enter  it  for  several  days.    lAter  inspection  showed  that,  although  Otm  exterior  maaonry 
walls  and  tha  interior  partitiona  ware  badly  danaged*  there  waa  little  atructnral  danaga  to 
the  building's  nanant-resistant  frana. 

In  oontraat,  the  S-atory  Enaluf  Building  (Fig.  7)  which  haa  a  relatively  large  rein- 
forced concrete  core  in  addition  ot  the  frame,  went  through  the  earthquake  exceptionally 
well.     The  only  structural  distress  was  slight  horizontal  cracking  in  several  of  the  exterior 
first  story  columns,  and  a  shear  wall  on  the  ground  floor  had  some  damage  adjacent  to  a  duct 
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paMttaitian>   othetwlMf  Mith«r  •tniotur«l  nor  ••rioiw  nonstroctural  distrvn  i^paarvd  in 
ParforiMuice  of  _Oth«  lted«^  l^^aag^a 

There  were  also  a  nuai>er  of  other  well-designed  monent^resisting  frame  buildings  in  tte 

6-8  story  range.    They  were  all  subjected  to  intenso  shaking  and  large  distortion?;  as  *?\'l- 
denced  by  the  severe  damage  to  their  nonstructural  components  and  finishes.    All  of  them 
exhibited  sufficient  ductility,  since  there  was  almost  no  structural  distress.    They  all 
performed  according  to  the  present  code  philosophy  -  little  or  no  structural  dist£ess«  how- 
ever, quite  a  bit  of  nonstructural  datuagt:. 

the  8-story  Supreme  Justice  Building  had  minimal  structural  distress*  but  the  inside 
was  in  shanbles. 

She  ^story  Social  Security  Building  (Pig.  8)  outwardly  showed  no  distreas  eicoept  for 
the  collaipsed  roof  over  the  elevator  machine  room,  and  little  structural  distress  on  the 
inside.   However,  the  nonstructural  daonge  was  considerable  and  the  staircases  were  full  of 
partition  debris  and  could  not  have  been  \ised  to  evacuate  people  had  the  earthqoalw  occurred 
during  the  d^tine. 

The  e-story  Toleccsnunicatlotts  Building  had  post-tensioned  beans  on  the  oolunn  lines 
spanning  across  the  entire  building*    There  was  on  off-center  core  at  the  far  end  of  the 
building  was  in  evidence;  however,  the  poet-teneloned  bean»  of  the  tower  showed  <with  one 
ttcception)  no  eubstantial  structural  daaege. 

Summarizing  the  behavior  of  this  group  of  frame  buildings,   it  is  evident  that  the 
buildinqs  had  enough  ductility,  whether  intotiMonally  designed  for  it  or  not,  co  s'jstain  the 
large  distortions  to  which  they  were  subjected  during  the  earthquake.    The  high  degree  of 
economic  dainage  these  buildings  suffered  was  apparently  not  so  much  from  the  ground  shaking 
as  from  cui  inadequate  design  philosophy  -  a  philosophy  in  which  we  design  the  structure  tOK 
large  distortions,  but  we  do  not  detail  the  rest  of  the  building  (idiidi  in  many  cases  cob- 
prises  up  to  80  percent  of  the  value)  to  aeoonnodate  the  large  distortions  without  danage. 

Of  particular  interest  was  the  performance  of  the  National  Theatre,  built  several  years 
ago  in  the  style  of  the  Lincoln  Cwnter  in  Hew  York.    The  structure  contains  a  CHsh^ed  rein- 
forced concrete  shear  wall  around  the  auditorium  within  another  U-shaped  shear  wall  of 
columna  and  beans  infilled  with  IS-in.  thick  solid  nasonry  around  the  lobby  and  stage.  Emt 
oept  fbr  a  few  narble  statues  which  were  thrown  off  their  pedestals,  there  was  no  evidence 
that  tbm  building  had  just  goos  through  an  earthquake.    Neither  structural  nor  nonstructural 
damage  could  be  found. 

San  Fernando  Earthquake,  1971 

The  Indian  Hill  Medical  Center  is  an  exjunple  of  an  accepteUale  earthquake  performance  o£ 
a  shear  wall-fram*?  type  building.     The  buil.iing  was  restored  and  put  bacVc  into  operation 
within  a  short  period  aiter  the  earthquake.     The  structure  of  the  Indian  iiill  Medical  Center 
consists  of  beam  column  f reuses  supplemented  by  shear  walls.     The  shear  walls  exhibited  some 
diagonal  cracking  and  other  local  distress}  they  were  repaired  by  increasing  their  thldaiess* 

On  the  cbqpound  of  the  Veteran's  Adninistratlon  aospital,  where  some  buildings  of  1920 
vintage  collapsed,  several  auxiliary  buildings  built  as  reinforced  concrete  boxes  went 
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through  the  earthquake  without  structural  damage;  even  the  chimney  of  the  central  boiler 
plant  had  only  some  sliding  at  a  cold  joint.    Unfortunately,  these  cases  of  excellent  be- 
havior sonshow  escaped  the  attention  of  the  profession,  which  was  busy  examining  the  col- 
lapses. 

Caracas,  Venezuela  Earthquake,  1967 

iiy.  9  shows  a  multistory  buildinv^  wiui  a  very  flexiijie  skeleton  of  the  type  prevalent 
2 

in  Caracas.      There  were  no  shear  walls  used  in  the  Caracas  buildings.    The  skeletons  were 
flll«el  with  brittle  and  weak  hollow  clay  til«  infill  walls.    During  tha  aazt^iqnak*  thm 
buildin^a  were  siibjeeted  to  large  distortions  and  tha  weak  ^rtitiona  exploded^  as  Aatrn,  in 
Fig.  10.   It  is  obvious  that  such  damage  should  have  been  expected  from  buildings  with 
flexible  skeletons  undergoing  large  distortions  and  filled  with  brittle  partitions. 

Tha  17-story  Plaxa  One  Building  was  the  only  oonvlete  shear  wall  building  in  Caracas. 
It  was  located  within  an  area  of  extremely  high  damage.    As  seen  in  Fig.  11  ^  one  of  its 
naiglhbors,  a  10-story  building,  collapsed  while  the  other  surrounding  structures  suffered 
severe  dansge.    The  Plasa  One  Building  want  through  the  earthquake  without  any  danwge  what* 
soever.     The  building  has  shear  walls  in  both  directions* 

Skopje,  Yugoslavia  Earthquake,  1963 

Many  of  the  ro-^i-isntial  buildings  in  Sknpie  up  tn  10  stories  hiqh  had  two  shear  walls, 
all  across  the  width,  flankin-  the  central  staxrway.     The  shear  walls  were  usually  non-rein- 
forced of  poor  quality  concrete.    Nevertheless,  the  rigidity  of  the  shear  wails  did  not  per- 
mit interstory  distortions,  and  consequently,  there  was?  no  damage.     In  some  instances  slip 
of  the  cold  joints  between  successive  story  Hits  was  observed. 

Fig.  12  shows  the  14-story  Party  Headquarters,  which  was        only  building  in  Skopje 
with  a  structure  similar  to  our  shear  wall-fraiw  systsms.    Being  the  party  headquarters ,  it 
was  designed  mora  carefully  and  constructed  with  greater  attention  to  quality.    Ihree  non- 
reinforced  shear  walls  in  the  center  were  of  good  quali^  concrete.    Although  it  is  known 
that  the  building  underwent  severe  shaking  during  the  earthquake  (according  to  witnesses 
who  were  thrown  frost  one  end  of  the  rooai  to  the  other) ,  there  was  neither  structural  nor 
nonstructural  damage  in  the  building,  with  the  eatcsption  of  the  elevators  whidi  did  not 
function  after  tha  earthquake. 

Misbehavior  of  shear  walls 

The  preceding  description  of  performance  in  past  earthgu£Jces  showed  many  examples  Of 
good  behavior  of  buildings  containing  shear  walls.    On  tlie  opposite  side  of  the  spectrum 
there  are  two  distinct  categories  of  misbehavior  of  nr.ear  wall  buildings  during  earthquakes: 
(a)   interrupted  shear  walls,  and  (b)  brittle  linkage  between  coupled  shear  walls. 

The  Olive  View  Hospital  (San  Fernando)  shown  in  Fig.  13  is  em  example  of  interrupted 
Shear  walls,    ihe  upper  four  stories  contained  shear  wallsi  however,  thay  were  undesirable 
in  the  ground  floor  due  to  the  architectural  layout,  and  were,  therefore r  emitted.  Ihe 
building  distorted  during  the  earthquake  fay  more  than  2  feet  within  the  ground  story,  in 
retrospect,  it  seams  that  in  this  building  the  ductility  available  in  the  upper  stories 
was  of  little  benefit  because  the  presence  of  shear  walls  did  not  allow  any  distortlonsi 
while  the  extremely  high  amount  of  ductility  available  in  the  colvmms  of  the  ground  stoxy 
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did  not  really  do  very  much  qood  in  keeping  the  building  intact,  except  possibly  preventing 
total  collapse  of  the  ground  story. 

Dlacuasion 

If  we  look  back  and  review  what  we  have  learned  from  the  previous  earthquakes,  I  be- 
lieve that  we  were  extremely  eager  during  the  last  decade  to  x'orify  the  viability  of  the 
concept  of  the  ductile  moment-resistant  frame.    Consequently,  after  each  of  the  past  earth- 
quakes, we  have  introduced  some  improvement  to  the  ductile  moment-resistant  frame,  i.e., 
after  Caracas  we  increased  substantially  the  overturning  moment;  after  other  earthquakes, 
other  details  were  modified.    However,  I  believe  that  we  have  not  thoroughly  examined  the 
bule  conoft  of  oox  MrtihqiMte  tesign  philosophy  am  rslatad  to  r*inforo«d  ooiMMttt.  For, 
I  b«li«v«  If  «•  wan  to  naka  a  thorough  axamlnatioDr  wa  would  proiMbly  find  that  tha  due- 
tila  flnomt^raalstlng  frana  without  ahaar  w«11b  la  a  rala^ivaly  poor  atructural  ayaten  for 
rasldontlal  and  of fioa  boildinga  idiiefti  contain  a  lot  of  nonatruetural  alomnts  thai:  aca  not 
daslgned  and  datallad  to  aecoBBOdate  tha  large  earttiqaake  distortions  of  the  nKnent-raslst- 
ant  frana. 

k  briaf  look  at  tha  hiatory  shoNS  that  tlia  ductila  anmnt-raslstant  f  rma  avolvad  In 
tbm  19S0a  out  of  thaBOMnt-raaiatant  frame  which «  at  that  tlMf  was  the  only  systan  for 
wilti-stoxy  buildings  for  both  steel  and  onscrate.   Ey  adding  ductility  to  the  then  avail- 
able system,  we  created  a  convenient  solution  to  the  problem  of  earthquake  resistance. 

However,  in  the  meantime,  better  and  more  efficient  structural  systems  for  multistory 

structures   (both  in  steel  and  concrete)  were  developed  for  widn  resistance.     Actually,  the 

laist  moment-resistant  frcune  utilized  in  tha  east  for  a  very  tall  building  was  the  60-story 

steel  framed  Chase  Manhattan  Bank  in  Now  York,  built  in  the  eatrly  1960s.     At  that  time, 

this  60-story  building  utilized  about  45  lb  o£  steel  per  square  foot  of  floor  area  (220 

kg/m  ) .    Today,  60-story  buildings  are  built  with  about  20  lb  of  steel  per  square  foot 

(98  kg/b') ,  while  buildings  in  tha  iQO-story  range  are  built  with  sli^itly  over  30  lb  of 

2 

Structural  steel  per  sqvora  foot  of  floor  area  (146  kgA  ) . 

thm  aniphasis  on  ductility  as  the  key  to  survival  of  Mowsnt-resisting  open  frames  lad 
to  the  adoption  of  concrete  structures  reflecting  characteristics  more  oansnon  to  steel 
buiUingSf  rather  than  taking  advantage  of  the  ntrength,  stiffnesa,  and  ductility  inherent 
in  the  natural  forms  to  uhidl  concrsts  ImUs  itself*  sudi  as  sboor  walls,    naoent  so^eri- 
enee  has  dsinnatrated  that  the  twin  rsqiiireoents  of  safety  and  damage  Mntrol  can  be  better 
met  by  structures  possessing  adequate  stiffness,  such  as  Shear  walls  can  most  economically 
provide,  when  coupled  with  sufficient  ductility  or  energy-absorption  capacity,     nils  is 
especially  desirable  for  apartment  cind  office  buildings,  where  considerable  nonstructural 
damage  can  result  from  excessive  inter story  displacements  during  an  oarthqucike.  When 
sufficient  lateral  stiffness  is  built  into  a  structure  by  the  introduction  of  ductile 
shear  walls,  so  that  large  lateral  displacements  are  prevented,  it  is  doubtful  if  the 
oonnscted  frame  in  a  faame  shear  wall  building  will  ewer  undergo  the  distortions  lAicb 
would  call  for  tha  ductility  which  we  now  design  into  them. 

It  seams  tiiat  for  uses  liks  parking  garogest  stadiums ,  bridges,  and  the  like*  the 
ductile  moment-resistant  frams  without  riiear  walls  is  an  excellent  earthquake  resistant 
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system.    However,  for  apartment  and  office  buildings  in  which  80  percent  of  the  value  is 
nonstructural,  wa  should  have  mora  damage  control  than  the  ductile  mcoient-resistant  frame 
can  provide. 

Shear  Walls  *■  Bleients 

Sheatr  walls  can  be  classified  as  (a)  short  shear  walls  (h/d,  less  than  «ibeat  1/2),  and 

(b)  slender  shear  walls   fh/d,  more  than  2) .     Short  shear  walls  are  mostly  governed  by  their 
shear  strength,  while  slender  shear  walls  are  cantilever  beams  controlled  by  flexure.  If 
special  details  are  utilized  in  slender  walls,  they  can  be  detailed  to  have  sufficient 
ductility. 

Another  possible  classification  of  shear  walls  is  according  to  the  qc-ometry  of  the 
section:    rectangular  sections,  and  1-sections  iepifciieiit,iay  botli  I  and  box  sections  as 
used  in  cores.    An  isqportant  difference  between  plain  rectangulau:  sections  and  flanged 
sections  is  the  degree  to  idiltib  shear  (i.e.,  diagonal  tension)  cfMitributes  to  the  total 
distortion. 

Itie  current  state-of-the-art  shear  wall  design  consists  of  Individual  develcfisients  on 
a  nuAer  of  avects-only  bits  and  pleces-wlth  a  rational  approach  slowly  energlng. 

lasting  of  Shear  Walls 

Tests  of  Infilled  one-  and  two-story  concrete  fraates  were  CMiducted  in  the  fifties. 

After  a  period  of  nearly  20  years,  testing  of  shear  walls  was  initiated  several  years  ago, 

and  some  of  the  new  studies  have  already  been  reported  in  the  teduiieal  journals.  There 

have  been  a  nuribar  of  aaqperiaiantal  investigations  of  short  shear  walls  to  determine  -tiieir 

3  4  5 

Shear  stmgth  at  the  PCA  laboratories  with  both  nonotonie  and  cyclic  loading.  '  ' 
Results  of  sosie  of  these  studies  have  formed  the  background  for  the  shear  provisions  for 
diear  walls  in  the  1971  JtCI  Gode.^  Also,  a  test  series  of  long  shear  walls  with  nonotonie 
loading  has  been  carried  out  at  PCA.     Investigations  on  coiq>led  shear  walls  were  carried 

out  very  successfully  in  New  Zealand.      A  series  of  dynamic  tests  on  shear  wall  assemblies 
on  the  shaking  table  has  been  intitated  and  is  underway  at  the  University  of  Illinois.  In 
addition,  several  universities  are  preparing  test  series  on  various  aspects  of  slender  shear 
walls. 

Analytical  Investigation  of  Shear  Wall  Sections 

A  series  of  analytical  studies  to  investigate  the  strength,  stiffness,  and  ductility 

9 

of  shear  wall  sections  was  carried  out  recently  at  the  PCA.      The  mathematical  model  used 
for  the  development  of  the  interaction  diagranis  of  shear  wall  sections  is  based  on  the  non- 
linear b>?an  theory.     The  mathematical  model  for  the  "computer  test  series"  has  the  obvious 
shortcoming  of  simulating  only  monctoni<;  loading,  since  no  model  of  possible  effects  on 
concrete  due  to  cyclic  loading  has  yet  been  developed. 

Despite  this  rinrtcoming,  this  series  of  eomputer  studies  gives  us  a  better  understand- 
ing of  the  influence  of  the  variables  affecting  strwagth,  stiffness,  and  ductility  of  shear 
walls.    In  addition,  the  mathematical  model  has  the  capability  to  consider  confinement  in 
any  part  of  the  section. 


Vl-39 


The  nonlinear  bean  theory  assuines  the  strains  to  vary  linearly  across  the  section, 
while  the  stresses  In  both  the  concrete  and  the  reinforcement  vary  non-linear ly  according 
to  their  actual  stress-strain  relationships,  as  shown  in  Fig.  14. 

Tmo  principal  s«etlaas  wan*  invaatlgatiadt    a  rttctangular  aactloii  with  unlfoxnly  dia- 
trlbtttad  ralnforoMMnt  and  xalnforcanant  bunchad  at  tha  andsi  and  an  I-saetloii  ifith  oonoan- 
tratlons  of  ralnforoeiMnt  in  tha  flanges,   the  latter  aectlon  xepraaants  box  or  I-aaetioas 
aa  uaed  In  elevator  cores. 

Since  we  are  intereated  in  the  propertlea  at  waxiwam  capacity «  rather  than  at  the  code 
"ttltiMte"  (ubioh  ia  at  the  first  yielding)  it  ia  inportant  to  nodel  the  peopertles  of  the 
BaterialSr  particularly  after  yielding,  aa  aocorately  as  possible,   vot  the  steel  reinforce- 
mnt  there  is  good  stress-strain  information  avaiUblef  for  the  stress-strain  characteristics 
of  concrete  a  coiit>lex  sqpatlon  was  developed  based  on  all  tests  reported  in  the  literature. 
The  coinplexity  of  the  expression  is  not  objectionable,  since  it  is  intended  for  computer 
application]  accurate  presentation  of  both  the  ascending  euid  descending  branches  of  the 
stress-strain  curve  was  the  most  important  consideration. 

The  load-moment  interaction  diagra-n  shown  in  Fig.  15  is  the  envelope  of  maximum 
capacity,  at  whatever  strain  this  may  occur,  rather  than  for  the  customary  concrete  strain 
of  0.003.     It  is  found  that  the  strain  of  the  concrete  at    which  maximuni  capacity  occurs 
increases  as  the  eccentricity  increases,  from  2ibout  0.002  for  the  compression  controlled 
branch  of  tiie  interaction  diegren  to  three  to  four  tinea  as  nuoh  fbr  the  tenaicn  controlled 
branch  (aero  axial  load) .    Tbm  re,a«on  for  this  increase i  as  tiie  steel  stretdhee  in  yielding , 
the  concrete  strain  increases  progrsssing  along  the  descending  brandl»7  the  strain  hardening 
of  the  steel  causes  an  increase  of  the  strmgth  of  the  section.   Ccnpatation  of  design 
strength  based  on  oooerete  strain  of  0.003  for  all  aoemtricities  is  cxmaarvative.  The 
defomation  capacity  of  the  aaetion  fsem  the  onset  oC  yielding  of  reinforcenent  until  ita 
final  r^tuxef  or  until  the  ooapression  failure  of  the  concrete »  is  the  section  ductility. 

Also#  tiie  available  section  ductility  was  investigated  as  related  to  the  exial  load 
level*    The  plot  in  Fig.  16  of  sectional  ductility  against  axial  loads  shows  that  the  I-> 
section  with  confined  flanges  has  a  substantial  ductility  even  at  balanced  load  level. 
OlBviously,  all  these  euialytical  findings  will  have  to  be  confirmed  by  laboratory  tests. 

Further  work  is  needed  in  both  the  analytical  and  ej^erimental  areas  to  supplement  the 
present  Icnowledge  for  a  complete  procedure  for  earthquake  resistant  shear  wall  typo  build- 
ings.    Extensive  shear  tests  have  been  carried  out  for  monotonic  and  cyclic  loading  on 
short  shear  walls.     Experimental  testing  for  cyclic  reversed  loading  is  needed  to  further 
investigate  the  effect  of  the  many  variables  and  to  perfect  the  reinforcing  details  to 
assure  an  optimum  strength,  stiffness,  and  ductility  of  slender  shear  wails.  Importimt 
variables  to  be  censlderad  ana  the  azxangamnit  of  reinfareeBant,  details  for  ooBflnaniant, 
details  for  splices #  effects  of  strength  of  concrete r  Influence  of  floor  level  construetlon 
Joints*  and  others.   Also»  the  extent  of  the  yielding  region  needs  to  be  Investigated 
esperinentelly.   The  studies  should  enooapass  rectangularr  duiUbell,  l-eeeticne,  and  walls 
with  openings.   Biqperianntal  studies  would  provide  nment-rotation  and  shear-deflection 
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(diaractariBtics  madad  to  davBlop  a  wthevatlcal  model  to  be  used  for  dyiunnic  response 
studies  of  structures  containing  shear  walla.    Also  dynamic  ezperimBntal  stadias  on  thm 
Shaking  table  are  deairsble  to  aacartain  the  reproducibility  of  the  general  re^onse  char- 
aoteristics  using  atathematical  models. 

In  the  area  of  analytical  dynamic  response  studies,  work  is  needed  on  shear  wall  aikl 
shear  wall-frame  type  structures  to  determine  the  ductility  demands  on  shear  walls.  Alsoi 

the  required  stiffness  of  the  structure  to  respond  to  various  categories  of  earthquake 
ground  motions  should  be  investigated  to  determine  the  eventual  number  of  shear  walls  needed 
in  a  building  to  control  its  earthquake  response. 

Conclusion 

In  conclusion,  it  should  be  pointed  out  that  tintll  now  safety  against  collapse  has 

been  the  major  preoccupation  of  earthquake  engineering.     However,  we  now  should  enter  a 
second  stage  of  our  development  in  which,   in  addition  to  safety,  damage  control  should  be 
our  major  goal.     Judging  from  the  behavior  of  multistory  reinforced  concrete  buildings  in 
earthquakes,   it  seems  that  to  achieve  damage  control  the  ductile  shear  wall  may  be  the  most 
logical  solution.     Actually,  Irom  observations  in  earthquakes,  it  seems  that  we  can  no 
longer  afford  to  build  our  multistory  buildings  without  shear  walls. 
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fig.  I — Shear  wall-frame  ir)ieraction 


Fig.  2 — Two  recent  Bank  Buildings  in  Managua,  rcpre- 
jenting  different  tfructural  lytfomi.  On  the  left,  Banco 
Central  and  on  the  right,  Banco  de  Americ*. 


Infilled  Won  1 

■ 

IHI 

^^^^^^ 

1-  145'   — 

Banco  Central 

Typical  Floor 

Fig.  3 — Banco  Central — Plan 
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f-'tq.  4— B«nco  Centra^ln»ide  6»rMq» 


Fig.  5— Banco  de  America — PUn 


Rg.  6— Insurance  Building — Managua 


Fig.  7— £fidluf  Building — Managua 


Rg.  9— Social  Security  Building — Managua 


Fig.  9 — Typical  skeleton  of  a  nrvulti- 
itory  building  in  Caracas,  VenetueU 
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Rg.  10— Oam«9«  to  bfiHie  Kollow  eUy  file  infill  in  C: 
r«c«$,  1967 


Fig.  1 1 — The  PUia  One  Building — Caracas 


Rg.  12— Party  Headquarters.  Skopje. 
Yugoslavia 
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Fig.  13 — Olivr  View  Hospital — San  Fernando 
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STRAJN  AND  STRESS  DI8TRI»OTIOW 
NONLINEAR  SEAM  THEOMY. 


Rg.  14 — Nonlinear  beam  theory  auumptiont 
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H9.  15 — Load-moment  interaction  envelope 


Fig.  16— Ductility  vertut  eiial  load 
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SOKVEILLANCE  OF  CORPS  OF  ENGINEERS  STRDCTORBS 
IN  EAKTUQUAKE-PROME  AKEAS 


by 


Keith  o.  o'Donnell 
Office,  Chief  of  Engineers 
Washington,  D.C. 


ABSTRACT 


ibie  p«tp«r  ajcplains  thft  program  which  the  Corps  of  Bngineers  has  adopted  to  assess  the 
effects  of  earthquake  activity  concerning  the  structural  bdiaviw  of  Civil  Hoxfcs  hydraulic 
structures.    The  program  enconpasses  reporting  earthquake  effects  and  an  instnimentation 

system  on  dams  and  appurtenant  f.tructures  for  monitoring.    Post-earthquake  inspections  will 
be  conducted  to  detect  significant  structural  distress  and  provide  information  for  the 
necessary  ii^nedial  measures  for  damaged  structures.     The  strong  motion  instrumentation  will 
provide  a  record  of  ground  and  structure  motion  during  earthquakes.     Data  provided  fron 
this  program  should  be  .:ui  aid  in  selecting  design  earthquakes  and  may  provide  preliminary 
guidance  in  design  procedures  for  use  in  predicting,  from  small  earthquakes,  the  behavior 
structures  subjected  to  larger  design  carUiquakes.    The  accumulated  infomation  from  the 
entire  program  should  help  in  improving  the  design  criteria  for  future  designs. 

Key  Words:    Earthquakes,  Hydraulic  Structures;  Inspection;  Instrumentation;  Strong-motion 
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aborting  BarUwaalEe  Bf  f ects 
Groarml 

In  1969  th«  Oocps  of  BnglnoaES  MtablirtMd  m  psogxam  for  asBurlng  tlM  struotural  Intog- 
rlty  and  oiperational  adoquacy  of  Mjor  Civil  1Iok)eb  stxuctvBraa  folloirlng  tha  oocurxenee  of 
aignlf leant  aarthquakea.   This  pcogran  la  prinarily  concerned  with  damage  aurveya  following 

the  Qccurrencee  of  earthquakes  greater  than  Rlcllter  Magnitude  5«    The  evaluation  of  struc* 
tures  following  an  earthquake  is  of  paramount  concern  to  Insure  structural  stability ,  safety 

and  operational  adequacy  for  structures  whose  failure  or  partial  failure  would  endanger 
lives  or  cause  substantial  property  damage.     Structures  included  in  the  program  are  danSf 
navigation  locks,  powerhouses  and  appurtenant  structures  which  are  operated  by  the  Corps 
of  Engineers.     Other  facilities  such  as  major  levees,  flood  walls  and  pumping  stations 
which  are  designed  and  constructed  by  the  Corps  of  Engineers  are  included  although  their 
■alntenanoe  and  operation  are  by  other  agencies. 
Guidelines  for  Post-fcar  Uiq.^tLs.c;  iuc>pac  Lions 

Barttquafcaa  aay  caiiaa  hidden  or  obvioua  daaaga  to  all  types  of  struotaraa.   It  is  In- 
tended that  prompt  post-eaEtfaquake  field  iaapeotlng  and  reporting  will  aid  in  datandninig 
ttim  appcopriata  ranadial  naaauraa  for  stmctviraa  ttet  have  been  danagad.   all  Inportant  Civil 
Itorka  atmoturaa  within  a  prasoxlbed  area  that  haa  haan  avblactad  to  an  aarthqpiaka  of 
sufficient  nagnitnda  to  prodnca  a  Nodiflad  Naroalli  Intarai^  of  5  (MNS)  or  greater  will  b« 
inapactad  for  danaga.   Vhls  praacrilMd  area  is  defined  aa  the  area  encloaad  by  the  mtenaity 
S  Contour  or  "iaosaiaiiial.*   Xnforwtlcn  to  identic  the  prescribed  area  usually  oan  be  cb- 
tained  from  the  Coast  and  Geodetic  Survey  or  U.S.  Geological  Survey.    However,  since  the 

qualitative  or  quantitative  ground  motion  data  are  usually  not  immediately  available,  the 
prescribed  area  for  post-earthquake  inspection  will  be  determined  by  magnitude  scale.  For 
a  Richter  Magnitude  less  than  5.0,  no  inspection  iip  required  unless  specfic  reports  of 
possible  dan\age  are  received  from  project  offices.    For  a  Richter  Magnitude  5.0  through  7.0, 
inspection  of  projects  within  200  miles  of  the  epicenter  is  required  and  for  a  magnitude 
exceeding  7.0  inspaetien  la  required  within  SCO  niles  of  tAw  epicenter* 

There  are  nany  ^pea  of  atructural  damage  induced  by  ground  motion  from  aarthqiieloas 
that  need  to  be  reiported.   Any  dbanga  in  acpearanea  or  functional  eapabllity  of  a  major 
Civil  Noiks  structures  sliould  be  evaluated.   Bstamples  would  include  cxacked  or  sihlfted 
bridge  pier  footings  or  other  ooncreta  Btructuraaf  tuzbldity  or  <dian9ad  static  level  of 
water  wellsi  oraoka  in  ooncreta  dams  or  eartJi  eabankmantai  miaalignment  of  hydraulio  oontrol 
stEoetures  or  gateei  loss  of  freeboard  by  settlesNnt;  developMnt  of  a  localised  quick 
condition  within  an  aabankment  section  or  now  seapaga  paths  through  an  eabaakmant  or  f ounda> 
tion. 

Inspection  and  Evaluation 

Generally,  the  structures  that  would  be  of  most  concern  following  an  earthquake  are  also 
the  structures  which  are  covered  under  the  periodic  inspection  program  which  the  Corps  of 
Engineers  adopted  in  1965  for  major  Civil  Works  structures.    Where  feasible,  the  instruoien- 
tation  and  prototype  testing  program  included  in  the  periodic  inspection  program  to  monitor 

atrostoral  perftermanea  will  aerva  in  the  post-earthquake  safety  evaluation  program.  Addi- 
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tional  special  types  of  instrumentation  are  incorporated  in  selected  structures  in  which  it 
is  desirable  to  measure  forces,  pressures,  loads,  stresses,  strains,  displacements,  deflec- 
tions or  other  conditions  concerning  damage  and  structural  safety  in  case  of  an  earthguekke. 

A  report  will  be  prepared  of  the  post-earthquiike  inspection  of  each  selected  structure 
which  will  include  summaries  o£  instrumentation  and  other  observation  data,  for  permanent 
raoord  and  reference  purposes,    ihe  tl.S.  Any  itatarw^r*  tt^rlnent  Station  at  Vicksborg , 
Mississippi  is  assigned  the  responsibility  for  analyzing  and  interpreting  the  earUiquake 
data  obtained  from  the  strong  laotlon  instrunentatien. 

Earthquake  Aftershock  Measurements 

A  field  team  has  been  fomed  at  the  Naterways  Es^riment  Station  which  is  cap^le  of 
being  mobilized  innediataly  i^pon  notification  of  the  oocurrenoe  of  an  earthquake  that 
night  be  expected  to  produce  signifleanc  ground  motion  from  aftershocks  at  any  project 
operated  by  the  Corps  of  Engineers.    The  dbjective  of  the  field  team  is  to  provide  a  capa- 
bility for  rapid  response  to  earthquake  occurrences  in  recording  response  of  installation » 
such  as  dams,  to  earthquake  aftershocks.    Instrumentation  will  be  utilized  to  supplement 
existing  instruments  which  may  have  been  installed  as  a  part  of  the  Corps  of  Engineers 
stronq-motion  instrumentation  program.     The  measurements  obtained  will  provide  approximate 
input  for  analysis  of  the  response  of  the  structures  under  loading  by  more  severe  earth- 
quakes.    Additionally,  they  will  provide  input  for  the  analysis  of  other  similar  structiures, 
and  by  comparison  of  observed  and  calculated  response  of  the  structures,  allow  evaluation 
of  existing  analytical  procedures  and  aid  in  developing  improved  methods  for  seisoiic  design. 

The  inatrumenta  presently  available  for  this  purpose  include  four  Teledyna  modal  IffT-250 
aoeelerographSf  which  have  response  ranges  from  0.25g  to  l.Og,  and  four  Kinemetrle  SNA-1 
strongs-motion  accelerogra^is  with  l.Og  maximum  range,  incorporating  WNVB  time  base  radio 
receivers.    These  instruments  record  accelerations  on  3-orthogonal  axes,  and  the  standard 
time  base  will  permit  correlation  of  events  that  are  recorded  on  the  various  instruments. 
Alia  aquipnent  is  maintained  on  standi^  so  that  it  is  available  on  a  24  hour  basis.  The 
eqoipnent  is  packaged  so  that  it  nay  accoaipany  the  field  team  aboard  ocnnercial  aircraft. 

Seismic  Instrumgntation  Program 


The  Corps  of  Engineers  has  adopted  a  policy  providing  seismic  instrumentation  for  Civil 
works  structures  in  regions  of  significant  aeianic  activity  to  measure  ground  motion  and 
response  of  the  structure.    Each  installation  is  planned  to  suit  the  particular  atnicturer 
geologic  and  seismic  ccmditlone.    the  seismic  instrumentation  includes  strong-notion 

raeexdiag  aeoalwographB ^  pMk  ceeoirding  accelerographa,  seiamoac^es «  and  hydrodynamle 
pressxure  gages.    The  types  of  strong-motion  accelerographs  used  by  the  Corps  of  Engineers 
are  shown  on  Figures  1  and  2.     Figure  3  shows  the  peak  recording  accelerograph  and  Figure 
4  th(>  seismoscope.    The  seismic  zone  map  of  the  United  States  for  the  contiguous  states  is 

shewn  in  Fioure  5. 

aaj-auiii-  Instrumentation  for  Concrete  Dams  and  Intake  Towers 

The  normal  installation  for  concrete  dams  ISO  feet  or  over  in  height  in  all  seismic  risk 
Zones  4  or  3  and  those  in  Zones  2  in  the  western  part  of  the  United  States  consists  of  a 


General 
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nintMn  of  three  Btronj-notloii  aecelerograpbs.    onie  aceclerograpih  is  located  on  top  of 
the  higher  den  aonolithSf  one  in  the  upetream  gallery  near  the  base  of  the  aame  nonoIitSi 
and  one  in  the  bedrock  foundation  at  a  diatanee  downatreaii  of  the  toe  of  about  three  tlMB 
the  dam  height.    For  the  larger  daaa  (300  feet  and  over) ,  or  «here  foundation  conditiona 
warrant*  a  fourth  accelerograph  should  be  located  ckbout  mid-height  of  the  principal  instru- 
mented monolith.    For  dams  150  feet  or  more  in  height  in  Zones  2,  other  than  in  the  western 
part  of  the  United  States,  at  least  one  strong-motion  accelerograph  is  located  on  the  bed- 
rock structure  near  tho  dan  to  record  ground  motion.     Intake  gate  towers  150  feet  or  more 
in  height  located  in  Zones  4  or  3  and  in  Zone  2  in  the  western  part  of  the  United  States  aure 
usually  instrim-.entcd  with  one  accelerograph  at  the  base  and  one  at  the  top  of  the  tower. 

Instruir.ents  whicli  a.rc  suitdble  for  installation  at  concrete  dams  are  stxong-iaotion  tri- 
axial  instruments  such  as  Kinemetrics  SMU-l,  manufactured  by  Kinemetrics,  Inc.,  San  Gabriel, 
California  and  Teledyne  SET  250  or  BFT  350r  ■anufactmnd  by  Earth  Seianeaa  Dlviaion  of 
leledyne  Ooip. ,  Paaadenar  California.    The  aooelerogn^pha  diould  Iwve  a  inaylimM  operating 
range  up  to  O.Sg  or  l.Og.    The  l.Og  inatrunente  would  be  upB^Bagaciatm  at  the  crest  of  high 
dans  and  tlie  O.Sg  inatrunents  at  other  locations  near  or  at  the  ground  surface.  SeianoBoapes 
to  neaaure  the  relative  ra^aRBe  of  different  foundation  or  geologic  formationa  within  tiie 
lanediate  project  vicinity  are  installed  to  supplameut  the  conventional  strong-notion  aooe]ap> 
ographs  located  at  the  foundation  or  Autonnta.    Sydrodynanic  presaure  gagea  are  inatalled 
on  the  vpatrean  face  of  hi^  dans  aoA  intake  towers  (over  300  feet)  to  aeaaure  tJie  Increased 
pressure  of  tbA  reservoir  water  during  earthquake  occurrenceB. 

An  example  of  seismic  monitoring  instrumentation  for  concrete  dams  is  that  of  Dworshak 
Dam  which  is  shown  on  the  drawing  of  Figure  6.     This  dam  is  located  on  the  North  Fork  of  the 
Clearwater  River  in   Idaho  and  )ias  a  maximum  atrur-tnral  height  of  717   feet.     The  inatruitients 
at  Dworshak  consist  of  four  time  recording  strong-motion  acceleroqraphs ,  thirteen  triaxial 
peak  acceleroyraphs  and  six  dynamic  water  pressure  ceils.     These  instruments  are  generally 
located  within  the  highest  monolith  of  the  dan,  in  the  powerhouse  stqperstructure  concrete 
walls  f  azound  the  lake  In  the  vicinity  of  the  dan  and  at  two  bridgea  located  approxiaiately 
18  and  40  odlea  upstrean  from  the  dam.    Three  KineoMtrio,  Type  SUk-l  accelerograiihs  are 
located  la  nonolith  23  in  small  inetrunant  roons  at  elevation  980,  1260  and  1603.  Ihe 
fourth  SMk-l  is  located  on  the  right  bank  1430  feet  downatrean  of  the  dast  in  a  steel  and 
oonerete  vault.    Thia  fourth  inatrunent  ia  to  neasnre  ground  Bhoek-wave  intenaity  for  a 
basis  of  eonparison  of  intensities  neasured  at  different  locations  witliin  the  stmctare. 
Six  dynaaic  water  preeaure  cella  are  located  on  the  upstrean  face  of  the  dan  at  elevationa 

1050,  1160,  1220,  1280,  1350  and  1435  to  measure  and  record  water  press\ire  changes  against 
the  structure  in  the  event  of  an  earthquake.    Four  of  the  triaxial  peak  recording  accelero- 

graphs  are  located  in  the  powerhouse,   three  in  the  thin  superstructure  walls  and  one  in  the 
substructuro  to  monitor  and  compare  shock-wave  accelerations.     Five  triaxial  peak  recording 
accelerographs  are  installed  around  th*>  lake  in  ti>e  Vicinity  of  the  daci  to  monitor  possible 
varying  itttensity  of  ^cound  shock-wavei?  at  different  locations.    The  other  four  triaxial 
accelerographs  are  located  at  the  two  bridges  upstream  from  the  dam. 
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Seismic  Instrumentation  of  Earth  and  Rock-Fill  Dams 


Earth  and  rock-fill  daiBs  100  feet  high  and  greater  and  located  in  seismic  risk  zones 
2,  3,  and  4  are  instrumented  for  strong«wtlon  iMaBurenente.    All  areas  west  of  the  Rocky 
NDontaiiis  tx9  coiwldared  at  laast  ■on*  2  for  instrunaiitation  purpoMS.    Draw  1«m  than  100 
faat  high  and/or  loeatad  In  son**  otha«  than  atatad  abova  are  oonsidarea  tot  Inatronrntatloa 
dapandant  upon  aabanknant  and  foondation  uatariala,  particularly  if  auoh  ■atariaila  ara  oon- 
sldarad  auaoeiptlble  to  llqnefaction.   Locatioaa  of  inatruaenta  for  an  eiriMnJaunt  daat  axe 
dioNn  on  Piguva  7.    All  aAantaent  dans  in  seisnie  zone  4  and  in  zones  3  iieat  of  the  flodky 
Manntaina  ara  inatrunnntad  in  aicoordanca  with  catagory  c  aa  diqpietad  in  Figure  7  axeapt  in 
^cial  eaaaa  ahara  «ora  cos^late  ■aaauraBants  are  daaired  and  in  tbeaa  caaaa  Category  D 
ia  foUovad.    Moat  othar  stxucturaa  are  inatrunented  in  aocordanca  witti  Category  B. 

Iha  strong^4BOtlon  aoealarogxaphar  aucik  aa  the  Taladyna  inra-250  or  350  and  xinanetric 
SNA-l  are  also  recommended  for  embankment  dans.    Because  of  difficulties  with  tranamiaaion 
of  signals  from  transducers  to  remote  recorders,  central  recording  systems  are  not  generally 
recommended.     Seismoscopes  are  used  on  different  geologic  deposits  in  the  irwiediat®  vicinity 
o£  the  dams  to  provide  an  estimate  of  the  influence  of  geologic  conditions  on  ground  motion 
intensity  and  to  supplement  ground  motion  information  obtained  from  the  accelerographs . 
However,    seismoscopes  are  not  installed  on  embaiikwent  dtuns  because  of  the  difficutly  in 
interpreting  the  records  from  this  type  of  installation. 

Seieaio  Haaarda  of  RMeryoirs  and  I,andslide8 

Bj^rianeaa  alaaahasa  in  tha  anfld  have  Indicated  that  the  filling  of  large  reaarvoira 
night  induce  Mrtiiqnaka  activity.   An  axnnple  of  this  is  tha  Koyna  Reservoir  in  India.  Tha 
Corpa  of  Bnginaara  has  designed  and  built  a  nmber  of  high  dans  with  large  reservoirs  and 
no  earthquake  aotivity  haa  bean  reported  aa  a  result  of  reservoir  filling*    The  Corpa'  hi^i 
daaa  are  aa  folloHSt    34  dans  over  200  feat  high,  15  dans  over  300  feat  high,  6  daan  over 
400  feet  hi^  and  2  daas  over  600  faat  high.    Of  these  dana  24  have  a  reaervoir  voluea 
larger  than  one  nlllion  acre  feet.    Special  odoroaeisnic  instrunentation  to  Beaaura 
reaervoir  effects  has  been  installsd  at  several  projecta. 

Hie  iflfportance  of  possible  landslides  into  the  reservoir  cannot  be  overlooked,  tfhile 
not  caused  from  earthquake  activity,  the  Corps  of  Engineers  had  an  experience  at  Libby  Dam 
when  during  construction  a  small  glide  occurred  in  bedrock  at  the  !eft  abutment  which 
dauuaged  the  concrete  plant.     As  a  result  a  comprehensive  study  was  made  to  determine 
possible  effects  should  a  geologically  similar  landslide  into  the  reservoir  develop.  A 
model  was  built  at  the  Waterways  Experiment  Station  to  measure  the  effects  of  such  a  land- 
slide.   To  increase  stability  and  minimize  concern  at  Libby  Dam,  a  massive  rocKfill  but- 
tress was  oonstructed  along  the  upatrean  abutment  slope.    Extensive  instrunentation  was 
davelopad  to  detect  and  naaaure  changea  in  aubaurf aoa  conditions  indicating  potential 
inatabilitiaa.    Ihe  inatnansnta  included  the  following^   axtenaonetera,  porepireaanra 
aMaaoring  davicea,  inolinosietara,  and  micro  acoustic  noise  transducers. 
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StropyWotloii  Ingtrunantation  in»tallation« 

Aa  of  July  1974 1  3B  dam  proj«ets  bad  b««n  lii«txniwnt«d  with  117  stEong-MOtion  «co«l«ro- 
gxaphSf  52  seisnoaoopss  and  16  peak  raoordlng  aocalazographs.    Mditlonal  inatnaantatlon 
la  eurrantly  planned  for  56  pzojeota  idii^  includes  171  stronomation  accalaxograffha,  50 
aalsmoscopes  and  17  peak  racoxdlug  accelaxograpliB.   The  atatua  of  fhe  inatruneotation  pro- 
gram is  shotm  in  Table  1. 

Seismic  Engineering  Branch  of  the  U.S.  Geological  Survey   (USGS)    is  responsible  for 
maintfenance  of  the  strong-motion  instruments  installed  on  Corps  of  Engineers  structures. 
The  record  of  ground  and  structure  motion  during  earthquakes  should  provide  valuable  infor- 
mation to  form  a  basis  for  selecting  design  earthquakes  and  for  establishing  the  validity  of 
dynamic  design  procedures.    Also,  the  record  of  small  earthquakes  will  be  helpful  in  tooking 
preliminary  estimates  of  the  behavior  of  the  stroctures  during  laxger  design  earthquakes. 

HtM  inatrumantatlon  program  ie  of  graat  lavortance  to  tha  Oozpa  of  ttiglnaazs  baoauaa 
of  tha  many  laxga  raaervoir  pcojacta  for  which  tho  Goipa  la  raapcmailila.    It  ia  hopad  that 
ahould  algnifieant  aarthqaakoa  ooeor*  tha  zesulta  of  aalamtc  Instnimaatation  will  glva  a 
better  understanding  of  dynamic  response  of  structures  and  perhaps  lead  to  iaiproved  dealgns 
for  aalamlo  behavior. 
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Figure  1       Rrr-350  strong  motion  accelerograph. 
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Figure  3      PRA-103  peak  recordltig  accelerograph. 
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SCHOOL  MID  B0SPZ19IL  OOHSTMCVXail  ZM  CUlfORIlZA 

by 

John.  P.  Meehan 
Sasoaxch  Mrector*  Supervising  Structural  Baginear 
Structural  Saf a^  Sactloa 
(tffica  of  Arehitaetur*  and  oaBatruetion 

D^artment  of  General  Servlaaa 
State  o£  Califoriu-a 

jissimcT 

na  California  Stata  Legialatura  baa  adoptad  atatutaa  conoeming  the  ragulation  of  tha 
daaign  and  canatruetion  of  public  adiool  buildinga  and  boapitala.    lhaaa  atatutaa  mca 
bcought  «boat  baoauaa  of  ilia  ratlwr  poor  parfoenaaca  of  tbaaa  Qppaa  of  buildinga  in  Cali- 
fornia aarthqoakaa.   Bvanta  laading  iv  to  tbaaa  atatutaa  and  tha  aatteda  of  thair  anfecea- 
aant  ifill  ba  diaeuaaad. 
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Schoola* 


VX<-64 


Digitized  by  Google 


Public  Sdiools 

The  1933  Long  Beacdi,  California  earthquake  produced  great  damage  to  public  school 
buildings  throughout  the  devastated  area.   Xt  occurred  at  5:54  p.m.  on  Ftidsy,  Hardi  10, 

1933  and,  «s  usual  during  this  time  on  a  Friday  evening,  there  were  essentially  no  students 
or  teachers  in  the  buildings.    Had  the  earthquake  occurred  during  school  hours  the  number 
of  deaths  to  the  school  children  would  have  been  horrifying.     The  California  State  Legis- 
lature requires  school  attendance  of  the  youngsters  and  rocngnizing  that  earthquakes  may 
occur  at  a  time  of  full  occupancy  of  the  children,  took  measures  to  prepare  and  adopt  the 
Field  Act  'rfithxn  a  iioiiMi  after  the  earthquake.    The  rapidity  of  the  passage  u£  this  legis- 
lation clearly  inaxcates  the  gravity  and  concern  of  the  legislature  and  the  public.  Each 
earthquaXe  that  has  occurred  in  California  since  1933  has  proven  the  wisdon  of  tliis  Act. 
Deports  of  earthquake  damage  in  Califcxriia  usually  point  out  the  good  performance  of  post- 
Field  Act  sdiool  building  oonstroction.  dr  2,  3,  4,  5,  6,  7,  &  8} 
Field  Act  and  Enforcement 

The  Field  Act  will  be  briefly  ejqploined  and  the  method  of  its  enforcement  tin  the 
Structural  Safety  Section  (SSS)  of  the  Office  of  Architecture  and  Construction  (QAC)  in  the 
D^artmenl:  of  General  services  (DCS)  will  be  described.    The  Field  Act  is  given  in  Section 
3  of  Title  21  r  California  Administrative  Code  (CAC) . 

The  Act  applies  to  all  new  pid>llc  school  buildings  and  to  all  additions  or  alterations 
of  schools  costing  more  than  $10»000.    The  plans  and  specifications  must  he  preapred  by 
registered  structural  enninoers  and/or  architects  in  the  private  sector.    The  complete  con- 
struction dociiments  including  the  structural  design  calculations,  geologic  reports, 
app]  i  cation  dii.l  fee  are  submitted  to  SSS.    The  prints  of  the  plans  and  specifications  are 
reviewed  (checked)   and  comments  are  marked  on  them  by  registered  structural  t;agineers  in 
the  SSS  for  confortMrice  with  seismic  design  regulations.    To  accomplish  this,  the  structural 
plans  and  the  structural  or  fuichorage  aspects  in  the  architectural,  mechanical  and  electri- 
cal plans  are  rather  closely  dheched.    The  plans  and  speciflcBtlons  are  returned  to  the 
structural  engineer  or  ardiitect  for  oorrection.   The  tracings  and  marked  doomnents  are 
then  returned  to  sss  and  ooeipared  (baok  checked)  by  the  sss  representative  wocking  together 
witli  the  responsible  structural  engineer  and/or  arcdiitect.    Upon  mutual  agreement  of  the 
revisions  f  the  tracings  are  stanped  approved.    A  corrected  set  of  approved  stamped  docu- 
mvits  are  filed  with  SSS.    Ooopetitive  bids  are  taken  and  the  contract  may  then  be  let  by 
the  school  district  to  the  lowest  responsible  bidder.    All  chsnge  orders  and  addenda  must 
also  be  signed  by  the  arcdiitecst  or  structural  engineer  and  approved  by  SSS.  Cmtinuous 
on-site  inspection  of  all  phases  of  the  construction  is  regulred  by  the  Field  Act  and  is 
provided  by  a  construction  inspector  approved  by  the  structural  engineer  and/or  architect 
in  responsible  charge  of  construction,  the  school  board  and  the  SSS.     Materials  of  con- 
strue tiou  to  be  tested  and  special  inspections  to  be  performed  are  established  at  the  time 
of  back  check.     Kepcrts  are  filed    by  private  sector  testing  laboratories  to  assure 
materiai.  CQniurjuance  with  the  requirements  of  the  approved  documents.    The  structural 
engineer  and/or  architect  in  charge  of  construction  are  required  to  supervise  or  observe 
the  work  of  oc»istroction.    Certificates  verifying  that  the  construction  fully  con^lies 
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with  all  of  the  xequlrenentsof  tha  ^proved  doeunents  ar«  fll«d  by  the  atnaetnral  eoglnaert 

architect,  construction  inspectcneSf  testing  laboratories  and  contractor.    Making  a  false 
statement  is  a  felony.    Field  personnel  from  SSS  also  visit  the  projects  periodically  to 
review  the  construction  for  possible  design  and  construction  errors.    A  fee  of  one-half  of 
one  percent  of  the  construction  cost  is  paid  by  the  school  district  to  the  SSS  to  fund  this 
operation. 

It  has  been  frequently  expressed  by  structural  engineers  in  the  private  sector  that  the 
reasons  for  the  good  performemce  of  pvd)lic  school  buildings  in  earthquakes  are  becauae  tba  . 
daaigna  are  prepared  by  capable  paraonMlf  tlia  Indapandattt^  raviair  of  tiia  plan  datalla  by 
structural  englneara  aqnally  capable  as  thoae  who  originally  dasigaed  the  atructure  to 
aaaura  coda  ooflplianca  and  daaiga  oonoaptt  tba  inspaotion  pvovldad  by  ttaa  raaponalbla  da- 
algnarai  tSka  aontinuoua  detail  inapaotlon  provided  by  tika  cppcovad  oonatmction  Inapactorai 
and  tlia  review  of  ttaa  oonstruction  by  Um  SSS  atruetural  angiaaara  for  oonfdxBinoe  of  daaign 
prinoiplea.    In  general  it  ia  raqoirad  to  pay  oloaa  attention  to  peeper  detailing  of  the 
atructure  and  provide  ooniplete  and  logical  neana  of  resisting  lateral  loads  giving  full  con- 
sideration to  deflections  and  displaoeflMnts. 

The  Field  Act  also  established  that  regulations  nay  be  adopted  pursuant  to  the  legiS" 
lation.    These  regulations,  adopted  by  SSS,  are  those  of  the  1973  Uniform  Building  Code 
together  with  certain  nominal  additions  and  deletions  found  necessary  to  acconqplish  the  re- 
quirements of  the  Field  Act.     These  amendments  are  printed  in  Title  21,  CAC.     The  lateral 
force  provisions  are  basically  those  recosmvended  by  the  Seismology  Committee  of  the 
Structural  Engineers  Association  of  California.    A  copy  of  Title  21,  CAC,  can  be  obtained 
froei  State  of  California,  Documents  Section*  P.O.  Box  20191,  Sacramento,  Calif.  95820. 

Title  21,  California  Jiaidnistrative  Code  (CftC)  and  Dhiform  Building  Code  (OBC) 
Exceptions 

Hia  regulations  adopted  to  adwinister  the  field  Act  are  given  In  Grovps  1  and  2  of 
aitle  21,  CMC.   She  detail  technical  regulations  are  given  in  Oeoup  3,  Article  23  through 
Article  47.   All  of  the  itens  given  in  Vitle  21,  CMC  in  article  23  through  47  are  eice«iptioiis 
or  additiona  to  the  1973  UBC.   Just  a  few  of  tfaeae  will  be  Mentioned  here. 


The  minimum  acceptable  base  shear  KC  factor  for  any  one  and  two  story  building  is  0.10 
as  mentioned  in  Section  T21-2316(d)   (1)  and  all  freunes  must  ineet  the  ductile  requirements. 
This  base  shear  factor  seldom  is  applied,  as  most  designs  proposed  are  based  upon  a  base 
shear  of  0.133,  and  further,  the  framing  is  usually  of  shear  wall  design  concept. 

Any  single  mass  structure  on  a  single  column  or  of  a  type  where  a  single  column  must 
provide  the  total  laterauL  resistance,  the  lateral  force  base  shear  KC  factor  roust  be  0.30, 
and  the  colunn  mat  naet  the  ductile  requirewents. 

Also  if  building  frames  are  designed  for  a  baae  shear  KC  factor  of  0.30  or  sore,  the 
fraaa  need  not  be  divctile  but  the  colums  nnst  be  ductile.   Most  fraies  ere  designed  under 


In  the  near  future  title  31,  CAC  will  probdtly  be  revised  to  require  a  KC  baae  diear 
feetor  of  1.5  Siaes  the  code  force  when  the  building  is  located  near  eatablished  active  fMts. 
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Drift  is  controlled  in  Section  T21-2307(c) .    This  section  requires  the  raaximuia  drift 

of  1/16"  per  foot  of  height.     The  drift  Is  also  limited  to  1/12"  per  foot  of    height  of 
opening  where  glass  is  installed  in  the  walls  which  may  deflect  in  the  plan  of  the  wail  and 
the  glass  is  not  separated  from  the  frame  such  that  ar.y  in-plan  deflection  will  transfer 
load  into  the  glass.     Tn  tests,  reported  by  this  author  at  the  Second  World  Conference  on 
Earthquake  iiaginocring  in  Tokyo,  it  was  shown  that  glass  fails  at  about  1/16"  per  foot  of 
height  when  bedded  in  stiff  mastic  and  the  glass  frame  cannot  rotate.    Wall  defelction  lim- 
itatiou  vplled  pttrp«ndicular  to  tiM  wall  la  also  givan  in  Saatioa  T21-2307(c). 


Ihana  are  diaiphra^B  apan/dqpth  ratios  given  in  Tabla  T21-23L.    nuBse  ratios  ara  prinar- 
ily  to  cxmtxol  daflaction  and  streaa  in  the  horisontal  diaphragms  whieh»  in  affect^  also 
oontrol  thft  flexibility  of  the  horisontal  diafbragna.   oontxols  are  also  providod  foe  vert- 
ical diaphragn  in  this  table. 


All  nasonry  oonstniction  requires  inspection  by  a  epecially  aivxoved  vasonzy  inspector. 
His  duties  are  described  in  Section  2401  of  Title  21*  CKC.   Ihls  section  also  requires  cores 
of  the  ooqpleted  nails  to  be  taken  and  tested  in  shear  and  eonpreaaion.    Coras  not  only  pro- 
vide an  indication  of  the  strength  of  the  materials  but  also  provide  an  exoellent  means  of 
deteznining  the  quality  of  workmanship  within  the  wall. 

The  allowable  stresses  in  masonry  are  given  in  Article  24,  but  under  most  designs  the 
stresses  in  masonry  seldorr.  control  the  design.     All  masonry  must  be  reinforced.  Maximun 
spacing  of  reinforcing  is  limited  to  24  inches  each  way  in  walls  and  extra  ties  axe  re- 
quired at  the  ends  of  all  col'-imns  and  around  bolts.     Such  reinforcing  greatly  increases 
the  toughness  of  the  wall.    High  and  low  iiit  grouting  is  allowed  but  it  is  imt^crettivc  Uiat 
it  be  reoonsolidated  at  the  proper  time  and  again  after  the  next  lift  of  grout  is  placed, 
also  it  is  strongly  rsccoDsnded  tiiat  an  expansive  type  adnixture  is  used  in  tlie  grout. 
Both  of  theee  conditions*  the  reconsolidation  and  the  eiq^sive  aADisture,  gr^tly  reduces 
the  aMOunt  of  internal  shrinking  cradcs  in  the  grout,    ttnreinforoed  nasonry  or  cavity  wall 
conatruction  is  not  allowed. 

Metiiods  of  rehabilitating  existing  masonry  construction  is  given  in  section  T2102422. 


Article  25  of  Title  21«  CAC  coverts  the  requiremants  for  wood,    the  exceptions  are 
ratliar  nnminal.    Ilie  maximum  adjustment  for  stress  for  duration  of  loading  is  limited  to  15% 
increase.    The  allowable  nail  stresses  are  higher  than  those  given  in  the  current  UBC  be- 
cause of  the  success  of  designs  provided  under  Title  21,  CAC.    As  an  exaiic)le,  the  allowable 
eh<«»ir  lof4ri  on  an  R<1  common  nail  in  Title  21,  TRC  is  100  pounds  whereas  the  allowahle  is  78 
pound  in  the  197  3  UBC.    These  nail  Stresses  have  been  used  successfully  since  the  Field 
Act  became  effective  in  1933. 

Glue  lam  construction,  Section  T21-2511,  basically  conforms  to  current  industry 
standards  eatceipt  the  mairtmimi  moisture  content  at  time  of  gluing  relates  to  the  eapeeted 
moisture  content  in  the  area  when  the  building  is  situated.    That  is,  the  maximimi  allowable 
moisture  content  along  the  sea  coast  is  16%  whereas  in  the  desert  areas  it  is  limited  to 
10%.    Continuous  Inspection  by  a  specially  appeoved  inspeetov  is  required  for  glue  lab 
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bean  oonstructlon. 

HBbloekttd  plywood  di^hraga  allowable  loada  are  a  bit  lower  than  that  petnitted  by  OBC 
ae  given  in  Saotion  T21-2514. 

Rather  complete  details  are  usually  given  on  the  plans  showing  wood  framing,  openings 
in  floors  and  walls,  notching,  etc.    Also  careful  attention  has  always  been  paid  to  property 
anchor  wood  roofs  and  floors  to  ■asonry  or  concrete  walla. 


Much  of  the  material    in  Titl«j  21,  CAC  in  the  concrete  section  refers  to  propcir  t  ions , 
mixint;}  and  placement.     There  are  several  additional  design  and  construction  requircncnts 
such  as  tliose  given  in  Section  T21-2406  which  call  attention  to  the  reqMir«»ments  for  clean 
construction  joint;  additional  column  ties  are  required  by  Sectiuii  T21-2607  on  Uie  ends  ol 
all  oolumns;  the  column  ties  shall  terminate  in  a  135"  bend  with  6"  extension;  Section  T21- 
2614  requirea  beight/thioknasa  ratio  of  bearing  walla  to  be  not  aore  than  30  and  not  mre 
than  36  for  non-bearing  waller  precast  i^ls  reguire  special  trun  wall  reinforcing,  anehair<- 
age  and  other  regiuireaientsi  Section  T21-2618  requires  grouting  of  all  post-tension  tendons 
anchored  with  friction  type  anchors  f  and  Action  T21-2621  contains  controls  on  pneiatatically 
placed  concrete* 

steel  end  Irojp 

Article  27  eovera  steel  and  iron.   There  is  little  difference  between  the  basic  OBC 
requlreBents  and  Title  21,  CAC.    There  are,  however,  controls  on  steel  deck  used  as  dia- 
phragms and  load  test  requirements  of  steel  joists  if  analyses  cannot  be  readily  perfomed* 
Welding  inspection  is  required  by  capable^  inspectors  who  oust  use  all  means  necessary  to 
aasure  himsolf  of  the  proper  quality  of  the  weld. 


unacr  iwuiiUaLious,  Ui«  addition^ti  special  requirements  are  for  inspection  of  engineered 
fill,  piles  and  other  miscellaneous  items. 


All  veneer  over  3/d"  in  tliiciknesB  mnat  be  anchored  by  nedianical  neana.    Detaila  of 
anchorage  and  reinforcing  of  tlie  Baaonry  ia  glvmi  in  Article  30.    ualla  to  which  veneer  is 
applied  must  have  stiffness  of  X/600.   The  oonneetion  is  usually  ly  means  of  sheet  metal 
dove^tail  anchors.   The  anchor  slot  is  cast  into  the  concrete  walls  or  nailed  with  lOd 
eosnon  nails  at  12*  oe.    A  nail  placed  vertically  between  the  end  of  the  andmr  and  the 
back  of  the  slot  to  take  up  any  alack  in  tlie  connection.    A  nuiber  9  wire  is  placed  faori- 
contally  in  the  mortar  joint  in  each  horisootal  joint  omitainlng  an  andior.    The  manimimi 
spacing  of  anchors  is  about  16"  oc  horizontally  and  12"  vertically. 

Although  currttttly  not  required  liy  code,  it  is  this  authors  preference  to  omit  any 
veneer,  or  glass  over  exit  doors. 


Article  32  provides  for  anchoring  the  roofing  to  the  structure  including  tile.  The 
anchorage  of  each  tile  by  means  of  non-corro<i.ible  wires  or  nails  is  required  to  prevent  the 
tile  from  sliding  off  the  roof  and  falling  to  the  ground  during  earthquake  motion. 
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Ceilings 


Plaster  ceilings  must  be  wire-tied  to  the  ceiling  framing  to  prevent  the  ceiling  trom 
falling.    It  was  learned  that  ceiling  fastened  to  wood  framing  only  by  means  o£  nails  in 
withdrawal  will  allow  tit*  calling  to  fall  In  one  single  large  pieca  aonaiiiiat  lUca  a  blankat. 
Goiiplata  details  for  all  types  of  ceilings  and  light  fixture  anchorage*  nust  he  ahOMn  on  the 
drawing. 


Ztans  such  as  boilers,  wat«r  tanks,  fixtures*  cabinets,  shelves,  window  sash,  oeilings, 
heatere,  etc.  mist  be  properly  anchored  to  the  structure  and  are  shown  on  the  approved  de- 
tail drawings. 

Field  Ikct  Advisory  Board 

The  SSS  has  an  Advisory  Board  con^sed  of  four  structural  engineers,  four  architects, 
a  nedianical  engineer  and  an  electrical  engineer  from  the  private  sector  who  serve  without 

pay.    Representatives  of  various  state  agencies  are  ex-officio  members.    This  board  pro- 
vides advice  on  technical  and  administrative  natters  relating  to  the  regulations  and  en- 
forcement of  the  Field  Act. 
Other  Legislation 

W'ijfea  the  Field  Act  was  first  adopted  in  1933  it  related  only  to  new  construction  and 
it  remains  so  today.     Existing  buildings  wer«?  not  mentioned.     Legislation  was  later  adopted 
in  the  Garxison  Act  which  provided  that,  it  a  buiiaiiiy  was  examined  and  found  uiisafc  and  the 
building  was  allowed  to  opnlinue  in  operation  without  correction  and  without  atten^ting  to 
obtain  funds  tor  the  correction  If  no  funds  were  available,  the  sdiool  board  nenisera  were 
individually  liable.    Maay  old  school  buildings  were,  therefore,  never  Mcamined  to  detemiae 
whether  tliey  were  unsafe.    In  1967  legislation  was  adopted  to  require  a  structural  exaidna- 
tion  of  all  school  buildings  eooatructed  prior  to  1933.    In  1968  the  statutes  were  changed 
and  provided  that  if  found  unsafe  and  not  oorractad,  such  buildings  could  not  be  used  fbr 
school  purposes  after  June  30,  197S.    In  1975  legislation  was  added  to  provide  that  if  def- 
inite steps  were  taken  by  June  30,  1970  to  correct  the  deficiency,  the  building  could  be 
used  until  June  30,  1977. 

When  the  Field  Act  was  first  adopted  there  was  no  control  eetablished   concerning  the 
location  of  the  school  site.    As  a  result,  many  school  buildings  were  located  very  close  to 
activt^  faijltp, .    In  1967  legislation  was  enacted  to  require  a  geologic  hazards  report  and  to 
prohibit  sitiPiq  new  schools  en  active  faults  or  on  other  geologic  hazards.     It  was  later 
amended  to  also  require  a  geologic  hazards  report  for  building  additions  on  existing  sites. 

Currently  a  geologic  hazards  report  is  required  when  deemed  necessary  by  SSS. 

Hospitals 

Hospital  buildiiit^  have  frequently  been  damaged  from  the  larger  earthquakes  in  Cali- 
fornia and  ti'ierefore  were  evacuated  just  at  a  time  when  they  were  most  critically  needed  to 
serve  the  victoms  from  other  damaged  man-made  structures. 

Following  the  1971  San  Fernando  earthquake,  where  50  deaths  or  85%  of  the  total  deaths 
of  patients  or  employees  resulted  fron  hospital  building  collapse  inoperative  equipment, 
where  four  hospitals  were  evacuated,  and  where  17  hospitals  were  damaged,  legislation  was 
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passed  bgr  tbs  ststs  Isglslstnrs  in  X972  xwqalcliij   eoostcuctlaik  affpxoval  pcoesdurss  slaailsr 
to  tlwss  in  ths  Flsld  hat  to  sipply  to  hospltsls.   Thws  are  sons  diffsrsooss. 

Hm  MpKrtMat  of  HMlth  (DS)  adnintstsrs  ths  set*  but  is  rsquirsd  to  oontiwct  with  ths 
HQS  to  perfoin  *  slnilsr  sorvieo  en  ho^itsls  as  tli^r  do  on  piibllc  school  bulldlo^.  it 
ssqultoa  that  all  plans  and  spscifioatAoas  Aall  be  pr^arsd  under  the  responsible  charge  of 
a  California  registered  architect  or  structural  enigneer  or  both;  it  requires  that  a  struc- 
tural engineer  shall  sign  plans  and  specifications  related  thereto;  it  requires  a  geologic 
hazards  report  on  all  but  the  small  buildings;  it  requires  the  geologic  data  to  be  reviewed 
by  an  engineering  geologist  and  the  structural  design  to  be  reviewed  by  a  structural  engineer; 
it  requires  a  fee  based  upon  the  estimated  cost  and  a  further  fee  based  upon  the  final  cost; 
it  requires  continuous  on-site  inspection  by  competent  personnel  and  adninistration  of  the 
work  o£  construction  to  be  under  the  responsible  charge  of  such  structural  engineer  or 
architect}  it  reqpiires  signed  certificates  indicating  conformance  with  the  approved  docu' 
■ants  froB  all  timss  involvod  in  tlie  oonstxuotioni  it  autlioriEes  the  oa  to  adopt  regu- 
lations witti  tlM  advioa  of  tlia  DGS  to  earcy  oat  the  desires  of  the  billi  and  it  establiriies 
«  Building  Safety  Board  to  advise  and  act  as  an  appeals  board  with  iregard  to  seienio  safe^i 
and  it  established  that  angr  person  irtio  violates  the  provisions  are  guilty  of  a  nlsdeneanor. 
lUs  bill  is  Chapter  1130  of  the  1972  statutes  and  is  given  in  Division  12. S  of  the  Health 
and  Safe^  Code. 

the  SSS  enforoeoMnt  of  this  set  is  quite  sisllar  to  the  procedures  folloired  under  tiie 
Field  Act  and  will  not  be  repeated  here. 

Building  Regulations 

The  legislation  mandates  that  ".. .hospitals. . .be  conpletely  functional  to  perform  all 
necessary  services ...  to  resist,   insofar  as  practicable,  the  forces  generated  by  earthquakes, 
gravity  and  winds..."  plac«»  a  new  direction  in  building  codes.     Recognizing  this  and  the 
need  for  immediate  input  from  the  private  sector,  DH  contracted  with  a  structural  engineer, 
a  atechanical/electrical  engineer  and  an  architect  as  consultemts  to  SSS  to  prepare  the  reg- 
ulations.   They  were  adogpted  as  energency  measures,  than  public  hearings  were  held  irtien 
input  was  provided  by  the  Seisaology  Ooanittee  of  the  structural  Engineers  Association  of 
California  and  othnr  interested  groi^. 

She  building  regulations  fOr  California  ho^itals  are  given  in  Title  17,  CAC  and  oon- 
taina  the  qpaeial  pcovisiens  foot  the  seisnie  load  levels  and  perfomBanoe.    She  roHdndw  of 
the  regolatioas  are  essentially  tltose  zaquirad  for  public  school  buildings.   As  iMntioned 
previously,  these  letter  rsgulations  oonsist  of  the  1973  ttnifom  Building  Code  as  the  basic 
cods,  together  with  nowinal  additions  and  deletions  found  naoessazy  to  accomplish  the  de- 
sired results.    A  copy  of  Article  23,  General  Design  Requirenents  can  be  obtained  from  the 
State  of  California.    The  remaining  regulations  are  essmtielly  those  given  in  Title  21, 
CAC. 

A  iew  of  the  highlights  for  earthquake  forces  of  Article  23,  General  Design  Requirements 
in  Title  17,  CAC  will  be  presented.    There  are  two  basic  methods  of  design.    One  may  be  by 
dynamic  analysis.  Method  A,  and  the  other  by  static  analysis.  Method  B.    Section  Tl 7-2314  of 
Title  17,  CMC  reqioires  that  buildings  over  liO  feet  in  height  or  those  with  highly  Irregular 
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shapes,  or  other  unusual  structural   faatures  must  have  a  Method  A  or  a  dynamit:  analysis. 
This  requires  that  the  structural  and  deflection  capacities  shall  be  sufficient  to  resist 
the  effects  of  earthquaikes  upon  the  structure  as  determined  by  dynamic  analyses.  These 
aiwlysas  shall  19«  basad  vpon  the  ground  motion  prescribed  for  the  site  in  a  gaotaehnic  za- 
port,   oilia  rcqport  shall  considar  tha  saisnic  avant  that  nay  ba  postuoltad  wiUi  a  raasonabla 
oonfidenae  level  within  a  100  year  period. 

iha  analyaas  way  be  based  on  approipriata  tiise'-histories  or  response  qpactra  with 
percentages  of  orltical  damping  oonsistmt  with  the  strain  levels  in  the  struetural  natarials. 
All  natural  tondes  of  vibration  witli  periods  greater  than  O.QS  seconds  shall  be  considered  in 
the  analyses.    If  the  stresses  calculated  by  elastic  analyses  exoaed  the  nowlnal  yields 
stress  of  the  structural  natarials ,  the  structural  elements  to  be  used  shall  be  Justified 
by  approved  methods  whi^  reconcile  tha  equivalent  Inelastic  defoxmatlons  with  the  ductility 
of  the  structural  elenents. 

The  base  shear  resulting  from  the  dynamic  analyses  shall  be  not  less  than  80%  of  the 
base  shear  calculated  from  the  provisions  of  Method  B.     If  the  base  shear  as  determined  by 
dynamic  analyses  ■m.ist  be  increased  to  neet  this  requirement,  the  design  spectra  Shall  be 
normalized  to  a  proportionately  higher  value. 

Under  Method  B,  tlie  static  analysis,  Lhu  lattiral  load  level  has  b^en  raised  above  Uiat 
provided  for  other  occupancies  given  in  the  Uniform  Building  Code.  The  base  shear  equation 
is 


lAwe  K  flftiall  be  3.00  for  all  buildings,  tha  value  of  C  is  the  sane  as  that  givm  in  the 
1973  Uniform  Building  Code,  except  that  the  combined  value  of  KC  shall  be  0.25  for  all  and 
two  story  buildings  and  need  not  exceed  0.25  for  any  building.     The  method  for  calculating 
the  period,  T,  and  the  load  distribution  is  the  same  as  that  of  the  197'?  Uniform  Building 
Code.     Since  all  of  California  is  ].ocated  in  2one  3  of  the  Uniforji  Building  Code,  j^one 
factors  are  not  mentioned  in  these  recrulations  and  tha  i!np(jr tam;e  factor  currently  being 
considar ed  for  inclusion  in  Uie  Uniform  Buildiiiy  Code  is  included  in  the        value.  All 
lateral  force  resisting  frames  must  be  ductile;  however,  in  one  and  two  story  buildings 
when  the  KC  value  used  in  the  design  Is  0.50  or  nore«  the  frames  need  not  be  ductile  but  tJie 
oolunna  nust  be  ductile,    the      table  is  sore  extensive  than  that  given  in  the  Unifont 
Building  Code  and  the  load  level  is  hi^er  in  all  eases.    Anchorage  requirenents  for  sotdi 
itenSf  eqoipaent,  elevators,  piping,  cabinets,  lights,  ceilings,  partitions,  etc.  are 
presented. 

Building  Safety  Board 

Xha  stS'tea    establiab  the  foznaticHi  of  a  Building  Safa^  Board  to  advise  the  DH  with 
regard  to  seisnic  strautural  safety  and  to  act  as  a  board  of  appeals  in  the  enforcement  of 
the  Act.    Ibis  board  is  composed  of  members  qualified  by  close  connection  with  hospital  de- 
sign and  construction  and  are  highly  knowledgeable  in  their  respective  fields  with  particu- 
lar reference  to  seiamic  safety.     The  board  consists  of  eleven  rr.embers  of  which  there  are 
two  structural  engineers,   two  architects,  one  engineering  geologist,  one  soils  engineer  and 
one  hospital  administrator  appointed  by  the  Director  of  Public  Health  from  nominations  of 
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technical  and  professional  associations.    There  aure  also  six  ex-officio  nenbers  from  state 
offices. 

This  board  has  provided  a  great  deal  of  input  to  the  Department  of  Health  concerning 
the  operation  ot  uiis  Act.     it  reviews  the  regulations  to  be  adopted,  has  studied  and  recom- 

Mtbeds  of  approving  work  in  oxisting  boildlngB  and  advises  the  Department  as  re- 
qpsBted. 

Vha  board  has  aatablidied  standing  sUb-oonBlttees  on  structural*  architectural «  Mch- 
aaloal  and  oletrloalr  geotedmlc  and  ho^ltal  operations.  Vhese  oooBlttaea  act  as  liaison 
betmsn  ttia  board  and  the  respaotlva  taotanlcal  associations  and  provide  advice  on  assigned 
stibjeets.  fhere  are  also  ad  boo  oomidttees  on  appeals  procedure r  plan  checking  fees*  board 
rules  and  prooedureSf  and  legislative  intent.  A  board  notoer  is  the  eheiraan  of  each  euifa- 
ooHBlttae  and  ad  boo  ooandttee. 
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ftBSTiaCT 


IblB  pi^r  pre8«nt8  results  of  the  researdi  progxwt  being  carried  out  by  the  Iipplied 
xedmology  Oomcll  {hvc)  of  the  structural  snginMrs  Aasociatioa  of  Callfomla  (SBAOC)  under 
the  sponeorship  of  the  U.S.  Dqtartnent  of  Hbueing  and  atban  Developiient.    ihe  objective  of 
tiU.s  project  was  to  review  and  evaluate  available  nanuala,  literatnra  and  atandarda  oon- 
oeming  design  and  oonetruetion  of  residential  dwellings  and  revonse  of  su^  strttetores 
to  earthquake  motions;  and  to  then  develop  a  aanual  of  recommended  practice  for  earthquake 
resistive  design  and  construction.     This  manual  would  be  primarily  directed  toward  builderSp 
building  officials,  field  inspectors,  and  house  designers  and  would  contain  recommended 
construction  details,  architectural  layouts,  design  recommendations  and  types  of  construc- 
tion recommended  or  to  be  avoided.     The  manual  is  now  in  draft  form  and  copies  are  available 
for  review.    A  synopsis  of  research  results  developed  to  date  will  be  presented  in  this 
paper.    Code  ooiqpariaoiiB,  problem  areas,  tentative  recominendations  will  be  discussed. 

The  reaeardk  ocmtract  nitli  KK  i*  not  due  for  conpletion  until  June  30,  1975,  therefore 
this  paper  is  an  interim  report.    Che  final  report  with  the  oonpletad  Bannal  will  be  dis- 
tributed to  nsebers  of  the  O.S.  -  Japan  Panel  on  Wind  and  Seisaic  BffeetSf  vben  available. 


Key  Words:    Buildings;  Building  Codes;  Construction;  Dwellings;  Garthquakes;  Seismic  Design 
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Introduction 

The  U.S.  Department  of  Housing  and  Urban  DcvGlopm<2nt  (HUD)  awarded  a  one  year  contract 
to  the  Applied  Technology  Council  (ATC)  of  the  Structural  Encjineers  Association  of  Califor- 
nia, on  June  30,  1974-    The  primary  objective  of  this  research  is  to  devtlop  a  "Manual  of 
Recommended  Construction  Practice  for  Earthquake  Resistive  Residential  Dwellings"  to  be 
used  by  builders,  buildincf  officials,  field  inspectors  and  house  designers. 

the  nanual  is  to  explain  th»  vtruotnral  htimvtor  of  single-family  and  townhouse 
reaidntial  aooatmetion  aiJbjeoted  to  forces  produced  by  earthqoake  shocks.    HDD  Hlnisnv 
Pro!perty  'standards  and  otlier  building  code  raquiregmts  will  be  illustrated.    Sound  prac- 
tical oonstruetlon  nethods  and  details  for  the  reduction  of  structural  dasiage  due  to  earth- 
quakes, will  be  covered,    the  nanual  will  also  illustrate  reoonnended  construction  details r 
architectural  layouts ,  types  of  construction  reooimendedt  or  to  be  avoided »  and  mthods  of 
installing  neclianioal  equlpnent  to  resist  seisHic  forces. 

Scope  of  Manual 
Tasks 

Several  tasks  make  up  the  total  project: 

Task  It    Heview  of  Lttw»turet  Itsvlew  literature  and  reports  on  danage  to  residential 
structures  as  a  result  of  recent  eerthquakee.    An  analysis  and  bibliography  of 
literature  reviewed  outlining  tiie  engineering  causes  fbr  iduatified  daaiage  to  buildings 
and  outlining  possible  solutions  and  ooxreetive  actions  was  required. 
task  2t    Review  HUD  Mininum  Property  Standards  (HPS)  and  Building  Code  Bequirenentsi 
Review  the  HUD-HPS,  Hanual  of  Aecsptebla  Practice  and  appropriate  building  codes  to 
detemine  tiieir  adequacy  for  preventing  aarthquake  daaage  to  aingle-faaily  residences. 
ReeoMiand  iapcoveaents  in  texMS  of  structural  perfomanoe  based  on  reviewed  reports 
of  past  earthquakes. 

Task  3;    Develop  Construction  Details t    Develop  typical  engineering  drawings, 
illustrations  and  details  which  are  required  to  resist  earthquake  forces  with  appro- 
priate descriptions  and  explanations  to  be  easily  understood  by  non-technical 
representatives  of  the  housing  industry.     Details  are  to  be  categorized,  as  appropri- 
ate, by  Seismic  Zones  1,  2,  and  3  as  delineated  in  the  Uniform  Building  Code,  "Seismic 
Risk  Map  of  the  United  States."    Illustrations  shall  include  the  types  of  construction 
float  ooanonly  used  for  residential  duellings  in  earthquake  prone  areas  of  idle  country, 
i.e.  I   wood  frane  witii  siding,  wood  fraae  and  brick  veneer,  wood  frame  and  stucco, 
brick      concxete  block  ■ascnry,  steel  or  aluminum  frame  with  siding  or  masonxy  veneer 
and  otiier  prevalent  cmvantional  ccofeinations  of  framing,  materials,  and  building 
oo^ponents. 

Construction  details  will  include  those  for  basement  and  slab  foundations,  dwelling 
structures,  utili^  and  mechanical  equipment  installation,  chimneys  and  fire  places, 
attadied  garages,  and  other  architectural  and  structural  conponents  which  may  affect 

the  strength,  rigidity  or  stability  of  dwellings. 

Task  4t    Prepare  Manual  and  Supplementary  Engineering  Analysis  Reports 
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»a«k  4 1    Pr^ara  Manual  and  supplementary  Knginearlng  aaalylg  H^gortt    To  include  tha 
foUOHLag  guaral  si^jecta: 

1.  Introduction 

2.  oomentary  on  principles  of  aelsnie  force  design. 

3.  Illustrative  typical  construction  details.    Description  and  discussions  of  details* 

as  developed  in  Task  S. 

4.  Secomaendations : 

a.  Concerning  plan  ohedcing 

b.  Concerning  construction  inspection  at  site 
5*    Smneryr  general  conclusions  and  recoMMndationa 

6*    Supplenentary  engineering  analysis  report  including  discussion  of  theory  and  design 
calculations  to  justify  typical  details  developed  to  resist  seismic  forces. 

Task  5:     Presentation  Material;     Presentations  to  Include  35mra  slides,  text  material 

imd  voice  tape  which  will  be  used  to  explain  contents  of  the  manual  to  user  groiips  - 

builders,  building  officials  and  desiqners. 

Task  6;     Presentations  to  User  Groups:     Foiir  presentations  to  home  builder  organisations 
with  invitations  to  designers  and  building  officials  to  acquaint  them  with  contents  of 
Manual.    Presentations  will  be  conducted  in  Los  Angeles.  San  Francisco*  Portland  and 
Seattle  at  different  tines. 

Najor  progess  has  been  achieved  on  all  of  the  tasks  prelininary  to  the  final  presenta- 
tiona.    Following  ia  a  general  aynopsia  of  accamplialmmits  to  data  including  j^iiloapphieal 
diacuaaiona  by  tlie  aubcontractor  to  ATCt    Ralph  fl.  Goars  and  Asaociatea  of  Loa  Angeles, 
California. 

General  Philosophy 

Econondc  eonslderatione  nost  be  revleiied  not  only  in  terns  of  life/safety  but  also 

daaage  control,    single-family  dwellings  alwaya  perform  well  in  terms  of  life/safety. 

However,  since  HUD  is  an  insuring  agency,  dcunage  control  should  also  be  a  factor.    There  is 
no  doubt  that  if  more  shear  resistance  were  provided  in  residences,  damage  fiqurcs  would  be 
considerably  lessened.     The  approacli  to  be  used  m  the  Manual  should  be  that  houses,  like 
other  structures,  should  L-onform  to  design  requireinents  of  the  Uniform  Building  Code  (tBCi 
Arbitrary  requirements  and  exceptions  in  the  UBC  for  single-family  framed  structures  should 
not  be  permitted  unless  justified  by  a  thorough  structural  analysis  covered  under  this  re- 
sear^  project.    It  is  the  intent  to  nlninise  the  degree  of  damage  rather  to  prevent  all 
dasiage. 

Ihis  fffCKoax^  vill  either  linit  design  or  nore  probably  add  sone  additional  cost  to 
hone  construction,    itaere  is  little  doubt  that  the  additional  cost  is  the  least  eistensive 
earthquake  insurance  available.    However*  the  final  decision  irill      up  to  HDD  after  re" 
viewing  all  of  the  applicable  data  ooneeming  earthquake  prbbebilty,  intensity  and  fre» 
quency  and  if  justified  by  reference  literature*  field  observations  or  calculations. 

Finally*  governnental  agencies  have  noraally  led  the  way  in  developing  both  social 
and  structural  changes  in  our  system.     It  seems  only  logical  that  requirements  should  eaoeed 
buildinr;  code  mlniniuns  where  such  con  be  justified  by  reference  literature*  field  observa* 
tions  or  calculations. 
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Seismic  co  efficients  for  single-family  construction  are  not  specified  in  some  juris- 
dictions and  also  vary  from  code  to  code.     It  is  felt  that  the  UBC  value  of  0.133g  for  Zone 
3  is  sufficient.    This  would  coincide  with  field  observations  of  damage  and  with  current 
HUD-MPS  requirements.     This  conclusion  is  felt  to  be  justified  by  the  following: 

1.  One-story  homes  performed  reasonably  well  in  San  Fernando  earthquake  emd  they 
probably  vrould  have  performed  even  better  if  built  according  to  the  proposed 

Miuial. 

2.  Wmaboa  of  sa£«ty  for  plywood  dii^diragna  arm  eonaistantly  at  or  ttoav  3*0.  Thsra- 
foira«  hottMa  pxoiparly  dasignad  and  eonatxaetad  uaing  plyiieod  shaar  panala  to  re- 
sist 0.133g  would  actually  be  capable  of  reaiating  0.40g  ultlnate  load. 

Virtually  all  haama  buUt  recently  have  wood  framed  aeoond  floora  and  roof  a.  Current 
engineering  anaXyaie  generally  auumes  the  wood  diaptaragn  to  be  flexible*  therefore  lateral 
loads  are  diatrlbated  to  ahear  walls  on  a  tributary  area  basis .   Field  observations  indicate 
that  this  assunptloa  is  not  neoesssrily  correct.    Prellnlnary  oaloulatlons  diow  that  the 
second  floor  diapbraga  is  ^ncoiciaately  ten  time  as  rigid  as  the  longest  transverse  shear 
wall.    Relative  rigidities  of  shear  resisting  elements  used  in  single-fonily  framed  con* 
structlon  are  difficult  to  determine.    General  conclusions,  howeveTr  can  be  readied  on 
how  shear  resisting  elements  act  in  relation  to  small  wood  disphragms. 

Analysis  reveals  that  shears  are  aenerated  in  the  first  story  walls  of  a  srr.all  two- 
story  house  in  excess  of  allowable  values  for  any  of  the  shear-resisting  inatarials  required 
by  Section  2518 (f) 5  of  the  UBC.     Proposed  requirements  will  either  result  in  plywood  shear 
panels  or  much  longer  panels  of  material  of  lesser  shear  resistance  for  two-story  and  split- 
level  hoflies. 

A  ^it-level  house  plan  waa  analysed  by  use  of  tributary  area  netlxjd.   This  typical 
tgfpe  of  house  received  severe  damge  in  one  case  snd  collapsed  in  two  other  cases  during  the 
San  Fernando  earthviake.   Analysis  revealed  that  the  wall  between  the  garage  and  family 
ZOOM  would  receive  around  three-qoarters  of  the  total  lateral  load.    If  the  diaphragm  were 
analysed  as  a  oantiXever  beam  in  houses  of  this  typsr  the  interior  wall  would  receive  close 
to  100%  of  tlw  lateral  load.    It  was  found  that  one  of  the  greatest  deficieneies  of  wood 
frame  construction  is  its  lack  of  reatistanoe  to  torsional  racking.    In  the  one  cese  examined 
the  floor  diapiuragm  rotated  in  plan,  lifting  the  rear  wall  from  its  foundation  and  leaving 
coly  the  center  wall  to  resist  fxirther  earthquake  motions.    It  is  obvious  from  these  pre> 
vlons  examinations  that  analysis  techniques  must  be  evaluated  and  perhaps  be  revised. 

Collection  of  Data 

Several  Interviews  have  bean  oaspleted  or  arranged  with  architeote*  englaeeraf  HUD  of- 
ficials* building  ^/Kprnrtmot  officials  and  building  contractors  in  several  areas  of  tiie  U.S. 
A  qusstionnaire  has  also  been  developed  for  mailing  to  all  HUD  Field  Offices  to  detemine 
types  of  single-family  construction  most  prevalent  in  the  U.S.  (see  Attachment  No.  1). 
Construction  methods  will  also  be  determined. 

Preliminary  information  indicates  that  in  earthquake  prone  areas  of  the  U.S.,  over  9a% 
of  all  houses  presently  being  constructed  are  wood  frame  with  either  stucco,  wood  siding  or 
masonry  veneer  as  an  exterior  finish  and  either  plaster  or  gypsum  drywall  on  the  interior. 


VI- 7  7 


Data  is  being  oolleoted  on  slMar  wall  diaphragB  prqparties  for  the  miltitude  oeedi 
plywood,  9taceo,  latli  and  plaster,  gypsva  wall  board  (drywall) ,  fibezboard  and  others. 

Organization  of  Manual 

ihe  following  is  a  general  outline  of  the  proposed  nanuali 

Introduction 

Adcnowledgements 

Chapter  I  -  Puzpoae  and  Use  of  Manual 
1.  Audience 
3.   BooncMdes  vs.  Safe^ 

3.  Definitions 

4.  Geographical  Scope  (Seismic  Zone  Nip) 

5.  cfeservations  of  Barthqwke  Dawge 

6.  Use  of  Manual 

Chapter  II  -  Principles  of  Seismic  Design 

1.  Inert ial  Movement 

2.  Walls  as  Vertical  Beams 

3.  Floor  and  Roof  Diaphragms 

4.  Shear  Vmll  Diaphragms 

5.  Shear  Resistance  of  Materials  (Graphs  C  Sables) 

a.  Itoofs 

b.  Floors 
e.  ItallB 

6.  Chords  and  Struts 

a.    «pliees  and  Oennaotions 

7.  Load  to  Shear  Wall  Calculations 

8.  Effects  of  Defonnation 

a.  Glazing 

b.  other  brittle  materials 

9.  Fireplace  and  chioney  Design  and  Anchorage 

10.  Mechanical  Equipment 

11.  Other  Non- Structural  Items 

12.  BaseaMt  Construction 

13.  Layout  Configurations 

14.  dossaxy  of  Texas 

Chapter  III  -  construction  Details 

1.  Shear  Hall  Design  end  Details 

a.  BOld-Down  Anchors 

b.  Sillofiolt  Size  and  Gracing 

2.  Shear  Transfer  Details 

3.  Struts  and  Chords 

4.  Connection  of  Studs  to  Sill  Plates 
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5.  Exterior  Cornor  Framing  and  Anchors 

6.  Fireplaces 

7.  Mechanical  Equipment 

8.  Other  Non- Structural  Items 

9.  Masonry  Construction 
10.    Steel  frame  Houses 

Wind  design  will  be  covered  to  the  extent  that  cosaparisons  can  be  made  between  wind 
mA  Murthqnaka  Somm  for  tli«  uutixm  vtructne*  not  for  incULvidiwl  vlsnants.    Soisnlc  Bonn 
1  and  2  in  tiM  D.S.  will  be  oovttred  togathur  sine«  wind  foross  gsnsrally  govern.  Selenlc 
zone  3  will  bo  ooverod  in  a  avpaxaf  aaetion.   ivon  thouglh  wind  ooold  govaxn  in  aoma  areas* 
the  dynamic  effort  of  earthimafcae  furecludaa  a  conipariaoa  with  wind  forces. 

aayiaw  of  Building  Oodea  and  hod  Kinimua  Property  Standards 
ttiiform  Building  Code  (1973  BditioB) 

1.    Sec.  2308  Wind  Pressure;    Boildinga  shall  be  designed  for  wind  pDSSSures  indicated 
in  tables  and  ups.   Sjplift  wind  pressures  for  enclosed  buildings  are  3/4  of  the 
unifom  wind  preasuree  ^eclfied  and  for  un^AOloaed  buildings  are  1  1/4  tisies  those 


Based  on  experience  in  Vboenix  and  Los  Angeles »  failures  due  to  wind  are 
goiunrally  caused  by  qplift  on  the  roof  or  to  walls  ky  inadequate  andiorage  of  walls 
to  roof  OK  other  supporting  diaphragns.   The  oonolusion  drawn  fron  observing  wind 
damaged  hones  is  that  either  the  factor  for  uplift  on  unmclosed  structures  or  the 
wind  zone  nap  is  incorrect.    Horiaontal  wind  pressures  as  applied  to  the  whole 
structure  appear  to  be  too  high. 

Despite  the  fact  that  uplift  forces  seem  to  be  critical,  overturnincf  require- 
ments for  shear  walls  are  questionable  since  shear  forces  appear  to  result  in 
answers  which  are  too  high. 
2.    Sec.  2313  Anchorage;    Masonry  and  concrete  walls  shall  be  anchored  to  all  floors 
and  roofa  to  resist  a  mininniai  totem  of  200  pl£  of  wall  or  the  calculated  horizon- 
tal force,  whletaavar  is  graatart  oontiudoos  crosstles  shall  be  provided  in  roof 
and  floor  systems  betateen  diaphragm  dhorda. 

The  force  requlrenent  of  200  plf  appears   to  be  too  low.    In  naiqr  areas  of  the 
country  this  anchorage  requlrenent  and  the  dlsphragm  croastles  are  virtually 
ignored*   This  has  proved  disastrous  not  only  for  earthquake  loads  but  also  for 
wind  foroee  as  well.    The  nanual  will  provide  for  adniaiun  alll  bolts  and  horlson- 
tal  eonneotions  to  roof  ftaoaing,  roof  sheathing  of  blodcing  betwa«k  roof  framing 


3.    Sec.  2314  Earthquake  Regulations;    This  section  defines  various  systems  utilized 

to  resist  earthquakes,  formulas  to  dGtermine  equivalent  static  forces  for  design^ 
distribution  of  horizontal  loads,  overturning,  setback  requireiTients ,  etc. 

As  applied  to  residential  construction,  this  section  specified  that  virtually 
all  residences  are  "box  systems"  without  vertical  load  carrying  space  frames. 


specified.  Overturning 
sisting  nosisnt. 


ita  oalcolated  shall  not  exceed  2/3  of  dead  load  re- 


members. 
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Lateral  forces  are  resisted  hr  shear  walls  or  hraoad  Ceaaes  and  chs  fbroe  to  hm 
resisted  in  0.133  tiaas  gravity  loads* 

4.  See.  2514  Wood  Diaphrsigast   Ooonectioas  sad  anchorages  capable  of  raslstiag  design 
fonsBs  shall  be  provided  betNoen  diivhragns  and  resisting  elenents.    In  buildings 
of  wood  frane  construction  nhere  rotation  is  provided  for,  depth  of  diai4iragM  nor- 
mal to  open  side  shall  not  exceed  25  feet  nor  2/3  diaphragm  width,  whichever  is 
smaller.    Straight  sheathing  shall  not  be  pexnitted  to  resist  shears  in  diaphragns 
acting  in  rotation. 

One-story,  wood- framed  structures  with  depth  normal  to  open  side  not  greater 
than  25  feet  may  have  depth  equal  to  width.     Where  calculations  show  that 
diaphragm  deflections  can  be  tolerated,  depth  normal  to  open  end  may  be  increased 
to  a  depth  to  width  ratio  not  greater  than  1  1/2:1  for  diagonal  sheathing  or  2:1 
for  special  diagonally  aheallMd   or  plywood  diaphragms. 

In  nasonry  or  concrete  buildings*  Imfcer  and  plywood  diapfaragns  ritall  not  be 
considered  to  transnit  latoral  fbroes  by  rotation. 

ibm  provisions  for  rotation  as  presently  writtm  are  considered  to  be  one  of  the 
nost  Qonttovetsial  itens  in  ths  QBC  in  light  of  the  1971  San  Fernando  VSall^r 
earthquake.   Many  reeidential  structures  %AiidA  had  to  dspsnd  on  tiM  prineiple  o< 
rotation  in  otdw  to  renain  standing*  fared  reasonAb^  well.    Oanarally  tiiough« 
this  type  of  structure  has  aors  than  average  daaage  and  in  soon  ossss  oollspsed. 
UipropoKly  braced  cripple  stud  %mll8,  isproperly  tied  levels  of  split-level  hones 
and  the  principle  of  rotation  aro  the  three  principle  causes  of  residential  damage 
due  to  earthquakes.    The  manual  will  recommend  tbat  rotational  prinoiples  of  de- 
sign be  used  for  one-story  detached  garages. 

5.  Sec.  2517  Structural  Roof  Sheathing;     Plywood  roof  sheathing  is  used  in  most 

home  construction  in  the  U.S.,  but  various  other  systems  are  used  in  the  Los  Ange- 
les area.    Host  of  these  other  aystens  would  not  qualify  as  diaphragms.  Despite 
thiSf  thsxs  was  little  dsnage  to  roofs  fron  ths  San  Fernando  earthgvake*  lliis 
was  probably  due  to  ths  fact  that  interior  walls  stopped  at  the  oeillngs  and  the 
roofs  only  carried  their  own  weight.   The  lUMual  willf  tiierefere*  not  specify  as 
does  ths  UBC  tiiat  structural  roof  sheathing  shall  be  designsd  to  si«port  all  loads 
^peoified  In  tiie  coda. 

6.  Sec.  asi8Cf)S  Braein9«    All  exterior  walls  and  aain  oross-stud  psrtitions  ^11 
be  effectively  and  thoroughly  braced  at  eaOh  end  and  at  least  every  25  feet  of 
length  by  one  of  several  methods  which  include  let-in  I'xA"  diagonal  braces, 
diagonal  wood  boards*  plywood  Sheathing,  fibezboard  sheathing  and  gypsun  board 
sheathing  panels. 

Braced  panels  shall  be  48"  in  width.  Solid  sheathing  shall  be  applied  continu- 
ously on  the  first  story  exterior  walls  of  all  wood  framed  buildings  three  stories 
in  height.  Solid  sheathing  shall  be  applied  on  either  fage  of  the  first  story  ex- 
terior walls  of  all  wood  framed  buildings  two  stories  in  height  in  Seismic  Zone  3. 
thsse  brscsd  wall  ssctions  shall  be  located  at  eaoh  end  and  at  least  35%  of  linear 
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length  of  wail  shall  be  braced.     All  vertical  joints  shall  occur  over  studs  and 
horizontal  joints  shall  occur  over  blocking  unless  panels  are  4'x8'  applied  verti- 
cally. 

Poor  p«rfonuiio«  of  Iftt-in  brae«B  waa  obaervad  af t«r  tiw  San  Pernando  earth- 
quaka.    Partlola^board  is  allowed  by  tha  Ooda  although  no  ahaar  valuas  ara  n>«cl' 
fled.    Soma  of  tha  natarials  speeifi^  for  sheathing  have  no  minimim  attadunent 
qpaeifiad.    Iha  shaathlng  specified  is  to  be  used  in  Seisaie  Zona  3  avaa  though 
higher  shear  forces  nay  occur  for  tmo-story  residential  structures  in  areas 
having  wind  loads  of  20  psf  or  higher.   Calculations  show  that  if  no  interior 
■bear  walls  are  provided ,  all  of  the  sheathing  matarials  specified  for  exterior 
walls  will  be  ovarstressed  if  a  two-story  building  ai^eriences  a  20  psf  wind  load. 
If  an  interior  shear  wall  does  wist  at  the  center  line  of  the  structural  fiber- 
board,  gypsum  board  and  particle  board  would  still  be  overstressed. 

Calculations  also  show  that  the  Code  requirements  for  overturning  are  conserva- 
tive.   Even  if  no  interior  shear  wall  exists  and  if  the  exterior  walls  are  of 
minimal   length,  overturning  will  not  be  a  problem. 
7.     Sec.  2518  (t) 6  Cripple  Wa H ? :     Foundation  cripple  walls  are  framed  walls  less  than 
full  story  height  Chat  extend  from  foundation  wall  to  the  floor  or  roof  level. 
Such  walls  shall  be  braced  as  required  for  first-story  exterior  walls.  Solid 
blocking  may  be  used  to  brace  cripple  walls  having  a  stud  height  of  14**  or  less. 

Sons  vlit-Ievel  honaa  in  tha  San  Fernando  earthquake  were  oonstruetad  with 
cripple  walls*    Most  of  these  houses  suffered  severe  dasiage  caused  by  collapse  of 
the  cripple-atud  walls.    Let-in  braces  are  not  adequate  and  will  not  be  allowed  in 
the  manual. 

'6.  Sec.  2518 {q) 6  Blockinai  Rafters  nore  than  B"  in  depth  shall  be  supported  later- 
ally at  mSa  and  at  aacdi  support  by  solid  blocking  unless  nailed  to  header*  band 
or  rin  joist  or  to  an  adjoining  stud. 

Prafdaricated  roof  truss-rafters  are  used  predominantely  in  today's  housing  oon^- 
Struction.    VJhen  roof  rafters  are  used,  they  generally  are  less  than  8*  deep.  In 
any  ease,  blocking  is  seldom  si>ecified  and  sy.ear  transfer  is  not  achieved.  The 
manual  will  probably  require  solid  hloc:kinq  for  truss-raf tern  and  all  oth.er  rafters. 
9.    Chapter  37  -  Masonry  or  Concrete  Chimneys,  Fireplaces  and  Barbecues:    Many  differ- 
ences exist  between  the  Code,  HUD-MPS,  and  other  building  codes  and  standards. 
The  manual  will  specify  requirements  as  verified  by  calculations  or  observations. 

10.    General  Requirements 

a.    Roof  Diaphragms:    Roof  diaphragms r  as  opposed  to  ceiling  diaphragms,  play  a 
amall  pasrt  in  transferring  lateral  loads  in  residential  construction.    Since  the 
roof  dii^phragn  is  generally  nore  linber  than  the  ceiling «  leads  in  the  direction 
of  framing  are  taken  by  the  ceiling  to  interior  crosswalls.    Specific  requirements 
for  roof  diaphragms,  in  the  opinion  of  the  contractor,  aeeoqplish  little  and  only 
add  to  f»>st. 
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b.  Roof  Prawinq  Blocking  8    Th«  Code  stipulate  that  blociklik?  for  2x4  tfaroogh  2x8 
coof  framing  aBObors  nay  b«  oulttad.    Hontal  proeadnre  in  California*  however,  is 
to  provide  aueh  blodcing.    Blocking  for  roof  trusaea  la  generally  not  provided  ia 
the  Phoenix,  Arizona  area.    Becauae  of  relatively  low  fJhwt  forces*  blocking  any 
not  be  needed  continuously.    Soote  aihear  transfer  is  required  and  this  is  dlfficnlt 
to  provide  without  some  blocking.    It  is  suggested  that  a  ninimal  length  (as  little 
as  six  feet)  of  blocking  should  be  provided  near  ends  of  each  individiuil  roof* 
Blocking  requirements  will  be  specified  for  pref aibricated  roof  trusses. 

c.  Conventional  construction  Provisions;    These  code  provisions  imply  that  all 
residential  construction  can  be  considered  as  "conventional."    However,  many  types 
of  construction  are  very  unconventional  and  may  require  further  design  oonsldera- 
tlonst 

1)  Cathedral  oeiliags  with  high  shear  walls*  Sheaur  walls  nay  still  be  four  foot 
wide  and  overturning  forcea  nay  be  oonaiderable. 

2)  Large  rocais  and  long  uxd>racad  walls  nay  be  critical.  Fswer  interior  walls  to 
resist  earthquakes  nay  be  provided. 

3)  IWo-story  hones  nay  have  insufficient  shear  walls* 

4)  Bac^Mn  roof  diaphragms  nay  occur  in  qplit'level  hoams  and  in  otter  unusual 
oonf igurations . 

5)  Partial  second  floors  very  often  do  not  have  adequate  shear  walls  near 
Interior  Mctrenities. 

Economy  of  construction  must  play  a  very  important  role  when  considering  modifi- 
cations to  requirements  for  home  construction.    Some  design  requirements  in  the 

Code  should  therefore  be  revised  in  the  manual.    Other  normal  engineering  proce- 
dures not  specifically  mentioned  in  the  Code  will  be  ignored.     Bracing  requirements 
provided  in  the  manual  will  obtain  the  roost  in  structural  integrity  for  the  least 
cost. 

11.    Shear  Hssisting  Materials  and  Shear  walls  t    In  order  to  obtain  the  nost  efficiency 
fron  shear  reaisting  nateriala  and  to  obtain  the  seat  liberal  intezpretation  for 
the  design  of  idiear  walla*  the  following  provisions  will  be  contained  in  the  nan- 
ual. 

a*    The  designer  will  be  instructed  to  use  full  dead  load  fox  resistence  to  over- 
turning naamitB.    Many  engineers  use  a  lesser*  more  conservative  value.    The  Oode 
specifies  full  dead  load  but  the  Loa  Angelea  City  Building  Oode  allowa  75%  of  dead 
load.    Bold-down  anchors  have  not  been  required  for  hone  construction  except  in 

those  isolated  cases  where  engineering  design  Is  provided.    These  anchors  fre- 
quently cause  problems  in  the  field  because  of  misplacement,   incorrect  installa- 
tion and  the  problem  of  covering  bolt  heads  or  nuts,  etc.     For  those  reasons, 
it  is  felt  desirable  to  eliminate  the  need  for  anchors  where  at  all  possible.  The 
manual  will  have  provisions  to  allow  designers  greater  latitude  in  selecting  shear 
wall  lengths,  spacing  and  location  to  preclude  hold-down  anchors. 
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2. 


3. 


4. 


5. 


b.  Shear  values  for  differing  natericds  applied  to  each  side  of  the  sane  wall  are 
proposed. 

c.  The  height  to  width  ratio  for  fiberborad,  stucco,  gypsum  lath  and  plaster  and 
gypsum  board  will  be  increased  from  1  1/2:1  to  2:1  aa  implied  in  Section  2516(f) 5 
Of  the  code. 

sill   Bolts:    Ilia  Ooa*  stlpulAtvB  that  sill  bolts  shall  be  l/2**liiclh  diameter  ea- 
beddsd  St  least  7"  into  cxMierete  and  q^aoed  not  more  than  aix  feet  ^paxt,  with  a 
nlnimii  of  tNO  bolts  per  pleoe  and  one  bolt  within  12"  of  eatih  end.    nie  manual 
will  veqiuire  that  sill  bolts  be  placed  in  accordance  with  shear  in  the  wall  which 
will  increase  the  nudter  in  sane  cases. 
Jtoqeles  City  Building  Code  (1972  Bditionl 

Sec.  91«a305»Hogi«ontal  gproes  (a)  Generali    Requirements  of  this  section  do  not 

tt/ply  to  acqr  conventional  framed  one-stozyf  Type  V  building  accessory  to  dwellingf 

provided  building  is  not  an  unusual  shl^  or  sise  and  not  Subjected  to  unusual 
loading  conditions.    This  would  exenpt  most  garages.    The  manual  will  clarify  this 

requirement. 

Sec.  91.2305(h)  Qvorturning:     75%  of  dead  load  may  be  uwed  to  reduce  tensile 
Stresses  caused  by  seismic  overturning  moments.    The  manual  will  specify  full  dead 
load  as  stated  in  the  review  o€  the  UBC. 
Sec.  91. 23Q6-Design  for  Horizontal  Force  jh)  Anchorage: 

a.    walls  anchored  to  continuous  footings  do  not  need  to  be  anchored  to  floors 
tliat  are  witbin  four  feet  of  the  footings. 

b«   When  roofsf  including  tliaix  supporting  joists*  beams  or  purlins^  are  con- 
structed  of  metal  and  axe  not  designed  «s  diaphragms  to  resist  horiscntal  forces 
anchors  may  be  spaced  at  greater  then  four  feet  on  center.    These  provisions  will 
be  contained  in  the  Manual. 

Division  24  -  Masonry f  Table  24-H,  Bote  Mo.  5i    Shear  walls  which  resist  seismic 
foress  shall  be  designed  to  resist  1.5  times  forces  as  determined  by  See.  91.2305 
(d)2.    The  allotfdble  shears  in  mble  24-H  are  lower  than  the  QBC  values.  The 
manual  will  use  shear  values  from  the  UBC  but  will  require  the  1.5  factor  for  over^ 

turning. 

Division  25  -  Wood,  Table  25-H, -Allowable  Shear  for  Diaphragms  and  Shear  Walls : 
'nils  table  sets  forth  allowable  shear  values  for  1"  and  2"  straicht  sheathing, 
1"  and  2"  diagonal  sheathing,   fiberboard  wall,  sheathing,  expanded  metal  lath 
with  cement  plaster,  gypsum  lath  and  plaster,  and  gypsum  wallhoard.  PiovoraT 
clarifying  notes  are  appended.    Table  25-C  contains  relative  strength  values  of 
bolts «  nails «  screws  and  eomieetors  in  different  qpeeies  of  wood.   The  shear  values 
'in  Table  25-H  are  at  variance  with  the  UBC.    However r  the  format  is  excellent  and 
will  be  incorporated  in  Hhm  manual,    ito  similar  table  to  25-C  is  contianed  in  tiie 
UBC  ~  it  therefore  will  be  printed  in  the  manual. 
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6.    Sec.  91.2512(b)  Design  oonslderetlones    wood  dlaphragns  and  wood  ahear  walla  iltall 
be  eonaiderad  flaxibl*  and  ahall  not  ba  uaad  to  trananit  rotational  foroea  voilaaa 
otherwlaa  approved.   Hood  diaphraigM  in  honaaa  ara  not  nacaaaarily  flexible*  thara- 
fore,  the  manual  will  present  sone  design  criteria. 

HUD  Minimua  Prwerty  Standards  (MPS)  (19,73 JBdition) 

A  preliminary  review  of  tlie  MPS  has  been  cofupleted  and  fseveral  sections  may  be  affected 
by  the  manual.     In  addition  some  general  corrunents  were  offered  by  the  contractor  which  will 
not  affect  the  manual  directly,  but  may  affect  implementation  of  its  requirements.  Specific 
connnentary  will  not  be  known  until  the  manual  is  fully  developed.     It  is  intended  to  then 
reference  the  n»anual  in  the  MPS  manual  of  Acceptable  Practice  with  applicable  conunentary . 

Conclusion 

It  has  been  tlie  intent  of  the  author  to  present  a  status  report  on  the  research  project 
undertaken  by  the  Applied  Technology  Council  for  HUD.    Major  pertinent  areas  of  concern  and 
conflicts  between  various  buildinq  codes  under  which  most  U.S.  houising  is  constructed,  are 
discussed  with  an  attempt  made  to  present  their  treatment  in  the  proposed  "Manual  o£  Recom- 
nanded  Construction  Practice  for  Earthquake  Resistive  Rasidential  Dwellings." 

19m  paper  was  prepared  froB  a  review  of  draft  dooiuanta  aiAadtted  by  the  anboontxaotors 
Ralph  W.  Goers  and  Aaaoeiatea,  Sheman  oaks,  California  to  Mr.  Roland  L.  Sharpe,  Executive 
Director  of  the  Applied  Technology  council.  Palo  Alto,  California,    ihis  review  and  analysis 
of  raooniiendati<HiB  are  aolaly  the  intazpcetation  of  the  author  and  do  not  nacaaaarily  re- 
flect tlie  official  poaition  of  the  U.S.  Departaent  of  Housing  and  vAmx  Davelopoent,  the 
J^liad  Tef^uiology  Council,  or  the  subocntractor. 
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DYNAMIC  TESTS  OF  STRUCTURES  FOR  OIL  TANKS  AND  NUCLEAR  POWER  PLANTS 


by 


Seiidhi  Inaba 

National  Efseart'i  rfifiter  for  Disaster  Prevention 
Science  and  Technology  Agency 


ABSTRACT 


In  Japan,  it  is  necessary  to  build  an  increasing  number  of  nuclear  power  plants  in 
order  to  overcome  the  energy  problem.     hl';o,  an  increasing  number  of  large  oil  tamks  have 
been  built  in  order  to  increase  the  ainount  of  standard  crude  oil.     It  has,  therefore, become 
important,  in  engineering  to  design  a<;»isinic  structures  for  nuclear  pow-er  plants,  oil  plants, 
gas  tanks,  and  other  industrial  pldnts  tor  the  purpose  of  preventing  disasters  due  to  the 
earthquake.    Under  these  circumstances,  several  dynamic  tests  of  plant  structures  have 
fa«en  oonaootad  fay  using  a  large-scale  Mhaka  table  of  the  Hatiotial  ItoMarcii  Centar  for  Dia- 
astar  Pravsntlfm  (VRCI^)  in  Tsukuba  Mav  Tcmh.    This  report  will  preaeiit  in  general  the 
jreaults  of  ^naaic  tests  on  a  graphite  shielding  structural  oil  tanks »  fuel  assasiblies  of 
nuclear  reactor,  and  a  container  vessel  of  thin  ahell. 


Key  Words:    Aselsmlc  Design;  Oynanic  Tests;  Nuclear  Reactora;  Oil  lanks;  Pover  Plaatas 
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Intgoduction 

A  large-scale  shjJce  table,  of  the  NRCDP,  was  built  in  1970.    Since  then,  a  nuniber  of 

vibration  tests  on  structures  have  been  conducted  under  a  joint  research  program  with 
engineers  of  other  research  organizations.     Moat  of  the  dynamic  test  projects  have  been 
related  to  problems  concerned  with  soils,  soil-structures,  and  soil-structure  interaction. 
Some  of  the  test  results  have  been  reported  at  a  previous  Joint  Panel  on  wind  and  Seismic 
Effects. 

Dywuaic  Test  of  a  Graphite  Shielding  Structure 

The  dynamic  test  of  a  graphite  siiielding  structure,  used  for  fast  reactors,  was 
conducted    by  the  Power  Reactor  and  Nuclear  Fuel  Development  Corporation  and  the  Building 
Research  Institute  in  June,  1971,  iising  the  large-scale  shake  table  of  NRCOP. 

The  graphite  shielding  structure  ia  a  masonry- type  structure,  coiiiE>osed  ot  a  great 
Aiab«r  of  graphit*  blocks  to  fill  Hi*  <pao«  batirMii  tb*  xwaotor  v««s«l  and  «  «af«Qr  v»o««l. 
It  is  iMceMUcy  to  iMva  9^  batman  the  blocka  in  order  to  aooount  tax  dtnensional 
dMnges  due  to  thennal  ej^aneion  and  radiation  effects.   Hie  graiMte  blocks  are  connected 
by  graphite  shear  k^rs*  and  the  outside  rows  of  the  blocks  are  linked  by  steel  pins  to  the 
safety  vMsel* 

AseisBic  stability  of  thi*  structure  \m  to  be  obtained  directly  from  the  vibration 
test«  because  it  is  difficult  to  theoretically  analyse   structures  witli  aany  gape.  The 
half  scale  aodel  of  the  graphite  shielding  structure  was  built  using  the  sasw  naterials  as 

those  of  the  prototype.    Eleven  laq^ars  of  the  ^ta^bitm  blocks  were  piled  qp  end  jointed  to 
a  cylindrical  cell  of  3200  tm  in  outer  diasttter,  2270  urn  in  inner  diaoMrter,  and  1067  an 

in  height. 

The  tnodel  structure  was  tilted  30  degrees  eind  then  4^  degrees  on  the  shake  table  in 
order  to  apply  the  lateral  force  for  a  static  test.     Dynamic  tests  were  conducted  by 
Inducing  sinusoidal  waves  of  various  frequency  range  including  tho  design  earthquake  waves. 
Measurements  o£  stresses  in  the  representative  blocks  taid  keys,  stresses  o£  the  pins, 
relative  displacements  of  the  blocks*  and  accelerations  of  the  graphite  blodcs  %me  nade 
tbxoutfiout  during  the  tilting  test  and  the  vibration  test.   After  cospletion  of  these 
tftStBf  an  ultianta  strength  test  was  ccnductsd  by  applying  static  loads r  to  deteraine  the 
ultiaate  strength  of  several  graphite  blocks  of  1  or  3  layers  and  3  raws  connected  by  the 
shear  keys  and  pins. 

ihe  results  of  the  ultimate  strength  test  showed  that  the  oltisiate  liodt  acoeleration 
of  the  blocks  corresponta  to  the  collapse  node  around  the  pin  holCf  (the  lisdt  aoeelexap 
tion  for  the  pin)  this  limit  acceleration  was  52.4  9  and  the  ultinate  limit  acceleration  of 
the  blocks,  corresponding  to  the  collapse  node  around  the  k«v  vay,  (the  limit  acoeleration 

for  the  key)  was  57.3  g. 

The  results  of  the  static  tilting  test  indicate  that  the  limit  acceleration  for  the 
pin  key  were  31.8  g  and  56.9  g  respectively,  as  obtained  from  the  measured  stress  values  due 
to  the  lateral  force  of  45°  inclination.    Therefore,  the  stress  concentration  on  the  model 
structure  for  the  actual  number  of  rows  was  greater  than  that  of  three  rows.    The  dynamic 
amplification  was  detezninsd  frcn  vibration  tests  data,  and  the  values  for  the  pin  and  for 
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Mia^r  vttve  6.6  and  3.5  xaspactlvaly.    Thusr  th«  limit  aoe«l*ratlon  fox  th*  pin  mm  4.7  g 
•nd  that  for  th«  ktty  waa  16.3  g.    Tin  vibratiOA  taat  o£  tha  1/2  aeala  sluulBtion  nodal 
alwws  tbat  the  lialt  acoeleratlon  ms  4.7      fihlch  la  equivalent  to  2.3  g  on  the  proto- 
type atruoture  accoirdlng  to  the  alnilaritiy  law. 

The  results  of  the  response  analysis  of  the  reactor  building  and  the  safety  vessel 
supporting  the  graphite  shielding  structure  indicate  that  the  maximum  response  acceleration 
of  a  deagn  earthquake  (0.15  g  at  the  base  of  the  building  foundation)  was  0.43  g  at  the  eleva- 
tion of  the  graphite  shielding  structure. 

Froin  these  results,  it  is  considered,  therefore^  that  the  graphite  shielding  structure 
was  aseismic.     The  safety  vessel  had  high  stiffness  and  the  earthquake  response  of  the 
veaael  waa  unifonn  in  the  vertical  direction.    The  effect  of  insufficient  nuniber  of  layers 
for  tiie  aodial  can  be  Ignored.   Ihe  dealgn  of  the  graphite  dilaldlng  atniotura  oan  be 
applied  to  other  areas  of  greater  earthquake  design  for  this  reactorf  If  tha  pin  is  reiii* 
forced. 

Dynamic  Test  of  Fuel  Assenvbly  for  Nuclear  Reactor 

The  feel  aeaenbly  of  a  nuclear  reactor  is  one  of  the  nost  inportant  parte  of  the 
reactorf  as  It  contains  the  boiling  water,  andr  thu»  it  is  necessary  to  evaluate  Its  dynamic 
ehaxaoterlsties.   ihe  dynanic  teat  of  auoh  a  fuel  asaaably,  waa  coedneted  fay  Hitachi  and 
the  mtCDP  in  June,  1974. 

A  unit  of  4  fuel  elenenta  was  used  for  the  test,  and  had  a  dinansion  of  4,500  nm  In 
length,  containing  49  fuel  rods  inside  the  duumel  box  with  dimmalon  of  138  m  and  2.03  nm 
in  thiekneee.    Ihe  model  fuel  rods  were  made  from  lead,  which  had  a  density  appzoximately 
eguivalent  to  tiiat  of  uxanlum  dioxide.    The  four  fuel  eltment  unit  was  fixed  to  the 
supporting  system  inside  a  steel  tank,  which  had  a  dlaenalon  of  600  m  in  diameter  and 
5200  mm  in  height. 

The  lateral  vibration  forces  ware  applied  at  two  horizontal  directions  0  degrae  and 
45  degrees.  These  angles  were  between  the  side  of  the  fuel  element  and  the  direction  of 
the  dy.ictmic  force.  The  influence  of  the  inserted  control  rod  insert  and  the  gap  between 
the  fuel  elements  was  studied.  Tlie  effects  of  the  boiling  water  inside  the  reactor  core 
were  also  examined  by  filling  the  tank  with  water  and  thus  siTiulating  subTierged  conditions. 

The  upper  joints  of  the  fuel  element  are  composed  of  channel  fasteners  with  the  upper 
lattice  panel  and  channel  fasteners  (designated  as  a  spring  joint)  was  fixed  by  a  spring  in 
the  original  ^taslgn.    Che  tests  were  conducted  using  a  wedge  type  fastener  in  order  to 
ntaOsf  ttie  Influenoe  of  the  fixed  supporting  system  (dsslgnated  as  a  pin  joint) . 

The  dynamic  response  of  the  structure  was  measured  by  accelerograms  attached  to  tiie 
fuel  assembly,  tanki  and  the  shake  table,    einusoldal  wavea,  witii  a  frequenqr  range  between 
3.0  and  8.0  Ks  at  A  sweeping  speed  of  0.025  Ks/ssc,  were  induced  for  the  vibration  tests. 
Ihe  ii^ot  aeoelerationa  were  between  0.1  g  and  0.3  g  and  were  chosen  in  order  to  teat  the 
influence  of  the  various  vibrational  forces  on  the  response  structure.    The  design  earth- 
QUeke  response  waves,  obtained  from  the  analysis,  were  also  lulled  to  the  model  structure 
under  several  maximum  acoeleratlon  stepe. 
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« 

lh«rtt  was  not  Duidh  dlffermce  in  tiie  fxequsncy  eharactsrlstlcs,  fox  tfatt  tmt  raBult«» 
wticn  eonsidttrlng  high  to  low  fraquancles.    Thia  maans  that  tha  aon-linaarlty  of  the  uppar 
spring  joint  was  not  aa  aasuned.   The  acceleration  pexpendicalar  to  the  direction  of  tha 
^navlc  force  of  the  vibrating  elaMnts  waa  1/3  of  that  of  tha  direction  of  table  vibration. 
i!he  aeaaored  accelerations  during  the  45  degree  vibration  test  was  snaUer  than  those 
during  the  vibration  of  the  0  degree  test#  with  the  dlffer«ice  beconlng  smaller  between 
the  teat  values  #  as  tha  vibration  force  was  inereasad.    She  dynamic  aaplification  ratio 
was  greater  for  the  0  degree  test  than  for  the  45  degree  vibration  test.    For  the  tests  with 
tha  spring  joint  system,  the  resonant  frequency  became  higher  and  the  aapllflcation  ratio 
increased  with  an  associated  increase  of  the  applied  force.    In  the  case  of  the  pin  jointed 
system,  the  anpl if ication  ratio  of  the  elements  was  constant  even  when  the  applied  input 
force  was  incrisased.    The  resonant  frequency  of  the  fuel  assembly,  with  inserted  control 
rods,  was  not  different  from  tJiat  of  the  structure  without  control  rods.    When  the  fuel 
asserofaiy  was  immersed  into  the  water,  the  amplification  factor  of  the  fuel  element  with 
control  rods  was  reduced  to  a  range  between  1/2  to  1/4  of  that  of  the  element  without  con- 
trol rods,    tha  data  indicate  that  the  control  roda  can  cause  damping,  and  tinis  will  reduce 
the  dynamic  response  dus  to  earthquake.    The  aaplif ication  ratio  obtained  fron  the  oartii* 
quake  vibration  tests  were  between  1.1  and  1.3,  and  thus  tha  dynamic  amplification  ra,tio 
of  2.0  used  for  tha  actual  design  of  fuel  element  is  oonsarvativa. 

TbR  results  of  the  dynamic  tests  show  that  it  is  necessary  to  design  the  sturctural 
fual  assaafely*  without  control  rods  and  with  the  force  direction  at  0  degrees.    Die  non- 
linear characteristics  of  the  fixed  joint  system  causes  no  problem  on  the  response  analysis 
under  the  oom{taratlvely  greater  deaign  accalerations  and  alao  idian  the  fual  asseiialy  is 
svlbmezgad  Into  the  water. 

Dynamic  Test  of  TtAn  Shall  Container  Vessel 

The  container  vessels  for  the  nuclear  reactor  are  shell  type  vesssls  with  additional 
structure  elamants  inside  tha  wall.    It  is  gansrally  assnnsd  that  sudi  vessels  will  show 
a  complicated  dynamic  response  due  to  earthquakes.    The  dynamic  test  of  a  model  thin  shell 
container  vessel  was  therefore  conducted  by  the  Hitachi  and  the  MBCDP  in  July,  1974  after 
OOnpletion  of  tho  fuel  assembly  act. 

The  model  structure  was  domed  shaped  and  had  a  dimension  of  2400  mm  in  dieuneter,  3600 
mm  in  height  and  2  mm  thick,  and  was  made  of  vinyl  chloride  resin.    The  model  had  a 
circular  flange  bonded  to  the  bottom  of  the  vessel  which  was  then  bolted  to  the  leirge- 
scale  shake  table.    The  model  container  vessel  had  supplraentary  weight  inside  the  shell 
%rall  and  a  stiff ener  belt  outside  the  vessel.    The  model  waa  subjected  to  sinusoidal 
vibration  waves  forcing  out  various  frequttocles  and  acceleration* 

The  accelerations  of  thin  shell  in  the  normal  direction  and  the  stresses  of  the  shall 
in  radial  and  vertical  diractiona  were  measured  using  accelerograms  and  strain  gages. 

The  results  of  the  dynamic  teats  indicate  that  the  vibrational  behavior  of  the 
this  shell  type  vessel  simulates  haan  ^rp^  vartieal  vibrations.    Tha  resonant  frequency 
was  appmninataly  19  H>#  irtii^  was  not  influancad  by  tha  supplementary  weight  or  fay  tha 
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stlffener.    In  the  range  of  the  low  frequmcies  shell  type  characteristic  vibrations  were 
noted  but  the  amplifications  were  smaller  than  those  observed  for  the  beam  effect.  The 
shell  response  increases  the  resonant  frequencies  but  reduced  the  dynamic  anplificatlon  In 
tbe  lower  frequency  ranqe. 

Dynamic  Test  of  Oil  Tanfc 

In  order  to  inoreaae  tiie  crude  oil  reserve  in  Japan,  it  is  necessary  to  build  super- 
scale  crude  oil  storage  tanks.    The  dynzunic  test  of  a  model  oil  tank,  wa?  therefore  conduc- 
ted in  order  to  oonfim  the  aseismic  stabiltiy  of  floating  roof  tanks.     Such  tanks  are 
considered  to  be  suitable  for  super-scale  oil  tanks.     The  dynamic  test  of  a  model  tank  was 
conducted  by  Nippon  Kokan  (NKX)   and  the  NRCDP  in  February,  1974. 

The  purpose  of  the  test  was  to  cstciblish  the  sloshing  movement  of  fluid  in  the  tanks* 
examine  the  stresses  in  the  shell  wall,  and  to  design  the  aseismic  floating  roof  tanks. 
The  wave  heights  of  the  fluid,  the  dynamic  pressure,  the  velocity,  and  the  strains  in  the 
tank  diell  trare  OMasured  to  obtain  the  ^rnasiic  characteristics  of  the  tank  and  the  contained 
fluid.    Sinusoidal,  triangular  and  rectangular  waves  were  applied  for  the  dynajsic  test*  as 
were  earthquake  sinulated  waves  of  six  rqnresentative  earthquakes. 

three  nodel  tanks  were  built  on  tiie  shake  table.   A  cylinder  type  aodel  used  for  a 
sloshing  test  had  a  dlaMter  of  2860  mt,  a  height  of  1219  na  and  a  steel  plate  thickness 
of  4.5  OBI.    The  reatangular  type  nodel  also  used  for  sloshing  test  had  a  length  of  2000 
aoif  a  width  of  1000  aai,  a  hai^^t  of  1000  aB«  and  a  steel  plate  tbidness  of  4.5  on.  1h« 
third  Model  was  a  eyllader  type  which  had  a  diameter  of  2190  nn,  a  height  of  914  im,  a 
steel  sheet  tfaiekness  of  0.4  an  and  was  eoastructed  for  the  dynamic  tests,    the  cylinder 
type  model  tank  used  for  the  sloshing  test  was  also  used  to  determine  the  damping  effects 
of  a  floating  roof  with  damping  fins.    The  results  of  the  dynamic  tests  showed  that  the 
stresses  in  the  cylinder  wall  due  to  the  vibrational  force  were  greater  than  those 
assumed  from  the  analyses.     The  wall  stresses  due  to  sloshing  fluid  however  were  less 
than  the  stresses  assumed  froci  the  analysis.     The  natural  frequency  of  the  sloshing  fluid 
was    in  good  agreement  with  those  obtai.ned  from  the  theoretical  analysis.     rtTien  sinusoidal 
waves  representing  the  natural  frequency  of  0.5  Hz  for  tlie  first  n;oGe,  1  Kz  of  the 
second  mode,  and  1.2  Hz  of  the  third  mode  were  applied  to  the  model  tank,  the  sloshing 
phancmana  in  resonanoa  ware  oauaad  fay  the  vibration  of  tbm  sinusoidal  travea.    NO  aloshing 
phttMmenon  waa  dfaaexved  in  the  range  of  frequency  which  were  different  from  the  natural 
frequencies* 

In  order  to  reduce  the  aloshing  movement  of  the  fluid  surface,  ^^mamic  tests  trere 
conducted  for  the  following  oasesr  (1)  using  a  floating  roof,  with  f Ina  for  damping,  (3> 
using  a  floating  with  water  on  the  top  of  the  roof.    The  result  of  the  tests  with  a  floating 
roof,  showed  that  the  damping  ooeffielant  was  not  different  from  that  of  the  free  surface 
fluid.    In  the  ease  of  the  test  for  a  tank  with  a  floating  roof  wiUt  damping  fins,  the 
damping  ooefflcient  of  the  sloshing  was  three  times  as  much  as  that  of  free  surface  sloshing. 
In  the  case  of  the  test  for  tanks  with  a  floating  roof  with  water  on  the  top  as  weight,  the 
damping  coefficient  was  two  times  as  much  as  that  of  the  free  surface  sloshing.    This  means 
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that  the  damping  fins  are  9ilte  effective  in  redneing  the  sloehlng  aovemnt. 

Conclusion 

This  paper  has  briefly  described  the  dynamic  tests  using  the  large-scale  shaXe  racie 
Of  the  NRCDP,  and  the  obtained  on  structures  for  nuclear  power  plants  and  oil  tanks t  these 
tests  are  quite  isportant  in  order  to  pxevent  disasters  dus  to  the  earthquakes. 

The  oil  tank   fires*  due  to  the  Nilgata  Earthquake  in  1964,  and  tiie  crude  oil  leakage 
and  pollution  caused  by  the  collapse  of  tanks  in  to  the  Inland  Bea  in  OkayoM  in  1974f  and 
the  possible  KsiMsalci  Bartfaquake  pcedioted  from      data  on  ground  upheaval.  Have  aroused 
oonoom  in  the  field  of  earthquake  engineering  and  in  the  aseisnde  stabili^  of  structures 
in  industrual  plants.    Bowever  the  industry  and  private  organisations  are  priaaxily 
responsible  for  the  design  of  sucih  structures  and  the  govenimnt  institutions  can  only 
regulate  the  design  of  audi  struotures.    It  is  therefore  neoesssry  to  develop  the  theoreti- 
cal analysis  of  the  dynamic  behavior  of  plant  structures  and  also  to  test  large-scale 
structure  on  a  shake  table.    In  addition,  it  is  necessary  to  inprove  the  Shake  table* 
development  of  techniques  for  dynamic  tests*  and  stuAies  rsgarding  sinulatlon  end 

modelincj. 

The  Resources  and  Energy    Agency  of  the  Ministry  of  international  Trade  and  Industry 
has  appropriated  part  of  the  funds  to  build  a  new  large-scale  shake  table  in  their  budget 
for  the  fiscal  year  of  1975-1976.    The  shake  table,  of  dimension  of  30  m  square  can 
sqpport  a  test  structure  of  1000  tons  and  was  built  for  the  dynanic  testing  of  structures 
for  future  nuclear  power  plants.   BoMevex*  iliere  are  still  aany  problsHS  oonoemed  with 
the  construction  of  such  snpw'cnle  shake  tables. 

It  is  hoped  that  by  excdianging  technical  infomation  tiiroughtfie  Joint  Psnel  on 
Wind  <uid  Selsnic  Effects*  many  of  these  ^rablern  can  be  solved. 
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ABSTitACT 

The  general  response  of  stieet  pile  foundationsf  ralative  to  analytical  and  MqperiiMntal 
studies*  axe  discussed.   Test  results  are  givm,  in  addition  to  tlie  developmnt  of  general 
design  equations. 
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1.  Introduction 


StiMt  pile  foundations  consist  of  stasl  pilos  with  joints*  drivm  into  tits  gxottQd  to 
f aoB  a  closad  unit*    This  is  a  unigua  foundation  strnotura  and  was  davalqped  by  the  Japanese 
steal  nanufacturos.  Since  this  foimdatloo  uses  steel  piles  #  it  has  advantagaa  in  that  the 
work  can  be  naeiianiaad  and  eovplated  within  a  ehorter  period  of  tine  and  that  the  dinaaioas 
and  panatratlon  length  of  the  foundation  can  be  freely  ehoaan.   iha  moloaura  of  tbtt  eheat 
piles  also  can  be  used  for  a  cofferdan  by  naking  their  joints  watertlglht. 

The  sheet  pile  foundation  was  first  used  in  1965,  for  the  foundation  of  blast  fumaeea» 
and  was  used  for  bridge  construction  in  1969.    Owing  to  its  outstanding  advantages,  the 
sheet  pilinq  method  has  been  used  in  the  construction  of  some  148  foundations  for  40 
bridges,  and  it  will  probably  be  used  nore  frequently  in  the  future.     This  method  has  pri- 
marily been  used  for  such  cases  that  cannot  use  cassions  or  piled  foundations*  because  the 
ground  and  water  depth  conditions  are  poor  and  the  dimensions  are  large. 

The  sheet  pile  foundation  is  considered  to  be  a  structure  having  mechanical  character- 
istiea  intanadiata  batwean  the  caisson  foiHiidatloa  and  piled  foundation.    It  is  tiharafava, 
aeoessary  to  eatablieh  aore  efficient  deaign  of  the  sheet  pile  foundation*  by  Peking 
further  invastlgatlons  on  its  neohanical  cfaaractaristies. 

In  this  paper,  we  would  like  to  disouss  the  structure  of  the  aiheat  pile  fbundatlon* 
Idle  presently  used  design  laathod'''  *  past  perfoxmnoes*  and  the  results  of  in-site  eiverl- 
manta*    Also  to  be  presented  will  be  the  results  of  an  analysis  we  have  pads  in  en  attaapt 
to  clarify  the  stmotural  characteristics  of  ths  sheet  pils  foundation^    the  sheet  pile 
foundation  has  suah  cospllcatad  atmetural  cAiaraotarlatlaa*  that  «a  have  advanced  only  one 
atap  in  its  investigation. 

tie  will  not  discuss  the  use  of  the  sheet  pile  foundation  foir  oof faedasi,  in  this  paper. 

a.    Sheet  Pile  Foundation  Stmetiira^^* 
2-1  General  Definition 

The  sheet  pile  foundation  is  dafined  as  a  atroctura  that  foms  a  circular* 
elliptical  or  raotangular  enclosure  with  steel-pipe  or  H-shaped  steel  piles  driven 
into  the  ground.    Iheir  heads  are  rigidly  connected*  and  the  joints  are  eo  treated 
that  the  required  horizontal  reeistanca  and  vertical  beeriag  ci^aoi^  is  developable. 
As  will  be  aaan  from  the  eunplas  given  latar*  it  can  be  said  that  steel-pipa  pilea 
can  be  used  in  many  instances.    As  for  the  treatment  of  the  joints,  they  are  grouted 
with  mortar  to  prevent  the  passage  of  water,  because  the  sheet  pile  foundation  is  also 
used  to  serve  as  a  cofferdam.     The  grouting  of  the  joints  with  mortar,  although  it  is 
a  technically  difficult  work,  is  employed  because  the  weak  points  of  the  sheet  pile 
foundation  lies  in  the  joints  and  its  strength  can  be  increased  by  the  treatment  of 
such  joints.    Much  is  ejqpected  in  the  development  of  efficient  joints  for  the  future. 
2-^  i-uterial 

TtM  naterial  that  la  uaed  for  the  eheet  pile  foundation  is  steal*  iriiicih  has 
aufficient  strength*  quality  and  aaotiooal  tiharaotaristica  to  aatisfy  its  struetoral 
configuration.   Aa  a  rule*  the  ateel  shall  be  over  8  nn  in  thldcaess.   She  shset  pile 
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foundation  utilizes  steel  piles  or  B-shaped  steel  sheets,  whose  shapes  and  dimensions 
are  described  at  the  end  of  this  paper.     The  shapes  of  steel  piles  and  joints  are 
shown  in  Fiq.   2-1  and  thoir  dimensions  and  weights  are  Given  in  Tablf;  2-1.  Typical 
values  are  oivc-n  in  the  figure  2-i.    The  Steel  used  in  the  making  of  the  sheet  piles 
are  defined  by  JIS  A5528  and  is  as  follows. 
Steel-pipe  piles:  SY24 
H-shaped  steel  sheet  piles:     SY30,  SV40 
The  allowable  stress  intensities  for  the  steel  piling,  as  given  in  the  chapter  de- 
voted to  surveying  and  designing  in  the  Specifioationa  for  Substructure  Design  of 
Highway  Bridges »  «bs  given  herein  in  Table  2-3. 
2-3  Stmctural  Types 

Ihe  sheet  pile  foundations  can  be  olassified  by  shape  into  two  types »  that  Lb* 
the  well  type  which  is  fomed  with  the  piles  of  equal  length  driven  to  the  bearing 
stratum  and  the  pronged  type  in  idiicib  sons  of  the  piles  are  driven  to  the  bearing 
stratum.    Thsse  two  basic  forme  of  sheet  pile  foundations,  can  be  further  divided 
into  several  types  aooozding  to  the  cross  sectional  contour »  nwber  of  foundations « 
and  joint  grouting  method  as  shown  in  Table  2^4. 

As  was  mentioned  previously  for  the  well  type^  all  the  piles  are  driven  to  the 
bearing  stratum  and  the  head  of  piles  are  rigidly  connected  by  a  footing.  However, 
when  the  bearing  straturi  is  located  at  a  relatively  qreat  de^pth,  it  has  greater  verti- 
cal load  bearing  capacity  than  horizontal  capacity.     In  sush  cases  it  is  more  econom- 
ical to  employ  the  pronged  type,  in  which  some  piles  arc  driven  to  tht  btiarinq  stratum 
while  others  are  stopped  midway  between  the  ground  surface  and  the  bearing  stratum, 
thereby  reducing  the  quantity  of  steel  piling. 

The  sheet  pile  foundations  can  have  such  cross  sectional  contours  as  circular, 
oval  and  rectangular ,  as  illustrated  in  Fi.g  2-2.    in  tJie  case  of  caisson  foundations, 
the  cross  sectional  contour  greatly  influences  the  speed  at  whicth  the  construction 
work  osn  be  conducted.    In  this  method,  however,  the  work  differs  little  <row  the 
conventional  piling  work,  therefore  the  cross  sectional  contour  arrangement  has  little 
influence  on  the  spMd  of  construction. 

The  sheet  pile  foundations  can  be  divided  into  five  types,  as  illustrated  in 
Pig.  2-'3,  according  to  the  differcnoes  in  the  head  and  coffering.    Class  (1}  is 
called  tSM  "rising"  typ;  in  whioh  the  footing  is  above  the  water  surfaoe.    class  (2) 
is  called  the  "closing"  type  in  which  a  closing  wall  is  built  independent  of  the 

foundation  body  and  footing.     Claas    (3)    is  called  tho   "cnfferinq"  type,   in  which  the 
sheet  piles  rise  .above  the  water  G'Lirface  to  form  a  coffArdam  ar.d  the  coffering  parts 
of  ths  sheet  pilf^s  are.  above  the  water,  alter  the  roundation  body  and  footings  .ire 
completed.     Class   (4;   is  called  tho  "semi-rigid"  type,  in  which  the  inside  of  the  wall 
is  partially  excavated  and  filled  with  concrete.     Class  (5)   i^  called  the  "rigid"  type, 
in  whi^  the  inside  of  the  well  is  excavated  do%m  to  the  bearing  stratum  and  filled 
with  concrete. 
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2-4  The  Development  and  Characteristic  Foatures  of  Sheet  Pile  Foundations 

The  sheet  pile  foundation  was  used  as  a  foundation  for  the  first  time  in  conjunc- 
tion with  the  blast  furnaces  at  the  Mizushima  Iron  Works  of  Kawasaki  Steel  Corporation. 
In  addition,  after  repeated  tests  on  models  and  actual  sheet  pile  foundations,  this 
nethod  was  used  in  the  construction  of  bridges  for  the  first  time  on  the  Ishikarl  Kako 
Bridge  (Hokkaido},  1969}  and  th«i  for  the  OkLgaMS  Bridge  (Chlba  Brefeetiire,  1970)  and 
the  Swbomtsu  Bridge  (Oveke  City,  1970) . 

As  noted  the  first  esplioetion  of  thie  method  was  in  tiie  constraotion  of  e  blast 
furnace  foundation,  with  the  develojpaent  and  researcdi  of  the  sheet  pile  foundation  con- 
ducted by  several  najor  steel  manufactures.   Jlpart  fron  the  blast  furnace  foundations # 
this  method  %MB  alBO  used    various  civil  engineering  trorks,  sudk  as  dolphins  and 
scale  pits  at  ths  iron  works.   At  that  stage,  develcFnent  and  researeib  projects  vers 
oonductedi  thereby  developing  the  fundamental  techniques  for  its  application  in  the 
oonstruetion  of  bridge  foundations. 

'Phe  sheet  pile  foundation,  is  considered  to  have  a  rigidity  close  to  that  of 
the  caisson  foundation,  and  can  be  built  almost  in  the  same  lOcmner  as  the  piled 
foundation  emd  is  well  suited  for  labor-saving  and  rapid  construction  work.  This 
nethod  has  so  many  advantages,  that  the  Ministry  of  Construction  granted  research  sub- 
sidies to  the  steel  manufactures  in  1969,  in  order  to  encourage  their  research  relative 
to  the  workability  and  structural  characteristics  of  sheet  pile  foundations.     In  this 
relation,  the  steel  nanufacturers  took  the  initiative  to  form  a  sheet  pile  foundation 
research  fXUHittse  lAieh  included  university  professors  and  govemmmt  officials,  in 
order  to  conduct  the  four  research  projects     .    These  projects  eerei  (1)  investige- 
tiona  on  pile  driving  aocuraey,  (2)  tiie  water  seapaige  preventioa,  O)  tlie  integrity  of 
pixing  end  concrete  grouting,  and  (4>  vibration  etiaracterlstios.   As  &  result  of  tiiese 
studies,  the  "speoifioatlon  for  Designing  and  Construction  of  Sheet  Pile  foundations* 
was  publidied  in  January*  1972.    Although  this  is  a  Specification,  which  was  devalopsd 
from  nongovernment  basis  unlike  the  teoluiical  standards  set  vp  by  ths  Ministry  of  Con- 
struction i.e.  the  Specification  for  Highway  Bridge  Design  and  the  Specification  for 
Substructure  Design  of  Highway  Bridges,  it  has  been  widely  used  in  the  actual  design 
and  building  of  bridge  foundations. 

One  of  the  most  outstanding  features  of  the  sheet  pile  foundation  is  that  the 
coffering  method  can  be  used.     As  a  matter  of  fact,  this  particular  type     has  been 
used  in  most  of  the  sheet  pile  foundations  constructed.     Fig.  2-4,  shows  the  steps  in- 
volved in  construction  of  this  type  of  the  sheet  pile  foundation.    The  building  of  a 
pile  foundation  in  water  requires  a  cofferdam,  a  great  deal  of  money,  and  takes  a  long 
tine  to  ooaplete  the  woxfc  when  the  water  is  deap.    VtM  mechanical  stabili^  of  a  coffer- 
dam is  not  fully  understood.    In  tills  fbundation  Qnps,  the  cofferdam  is  built  with  tiie 
same  structural  material  as  the  foundation  bo43r«  therefore,  it  has  a  very  high  degree 
of  safety,    it  is  possible  to  further  increase  the  safety  by  filling  the  gape  between 
the  cross  beans  of  ^shaped  steel  eheet  piles  and  steel-pipe  piles,  thereby  integrating 
the  tinberlng  end  oofferdan.    If        sheet  pile  foundation  is  to  )9e  effective  as  a 
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cofferdam,  it  Is  nec«Mary  to  have  watertightness  of  the  joints,  and  have  a  proper 
technique  in  cutting  of  th«  steel  pipe  piles  in  water  in  order  to  have  an  efficient 
and  economical  product. 

3,    Deel«iiMff  of  Sheet  File  Foundations 

>-l  Fundamentals  of  Design 

The  basic  principles  to  be  considered  in  the  design  of  sheet  pile  foundations 

are  listed  below; 

(1)  The  maximum  ground  reaction  on  the  well  bottom  and  at  the  distant  ends  of  the 
prongs  of  sheet  pile  foundations  must  not  exceed  the  allowable  bearing  capacity 
of  thegroundat  the  given  position. 

(2)  The  shear  resistance  on  tlie  well  bottom  of  a  sheet  pile  foundation  must  not 
exceed  the  allowable  shear  resistance  between  the  well  bottom  and  the  ground. 

(3)  7tt»  dlsplaoenent  of  a  sheet  pile  foundation  iwst  be  oonsldered»  by  ooosidextog 
the  alloMable  aaount  of  dlsplaoenent  that  la  detennlned  In  celation  to  the 
stqperstxuetnra . 

(4)  Tb«  Intensity  of  8tt«ss,  in  th«  veorlous  parts  of  a  sheet  pile  foundatioii« 
vust  not  eiccaad  the  allawable  stress  intensi^. 

(5)  Since  the  horisontal  resistance  of  •  sheet  pile  foundation  is  treated  as  a 
beam  on  an  elastic  foundation «  as  in  the  cass  of  a  piled  foundation*  there  is  no 
need  to  consider  the  ground  reaction  on  the  front  surface  of  the  foundation. 

(6)  In  the  case  of  a  sheet  pile  foundation,  ii^ose  displacement  la  large  and 
natural  frequency  is  long,  it  is  preferable,  if  the  responsible  engineer  deoos 
it  necessary,  to  make  a  dynamic  analysis,  such  as  analysis  will  take  the  super- 
structure into  consideration,  and  to  make  a  comprehensive  study  of  displacements 
and  stresses  in  the  structural  members. 

3-2  Determination  of  Load 

The  loads  to  be  used  in  the  design  of  sheet  pile  fouiidations  shall  comply,  as  a 
rule*  with  Chapter  2  ''Loads*'  In  the  part  devoted  to  Investigatlona  and  design  in  general 
in  the  "Specification  for  Substructure  Design  of  Highway  Bridges"  and  Ch«ptar  3  "Loads" 
and  Design  Condltlone  to  be  Considered  in  Earthquake  Resistant  Design  in  the  "Specifi- 
cation for  Earthquake  Eeeistant  Design  of  Highway  Bridges*. 

the  loads  to  be  considered  include  live  loads,  dead  loads,  earth  pressures*  water 
pressures*  buoyancy*  effects  of  tcnperature  changes,  effects  of  ecurthquakes,  snow  load 
etc. 

9»»  iaiowable  vertioal  Bearing  capaoity 

The  allowable  vertlml  bearing  capacity  shall  be  detemined,  taking  into  consid- 
eration the  degree  nf  importance  of  the  structure,  as  follOWSi 

(1)  Vertical  load  test 

(2)  The  formula  for  statical  bearing  capacity 

(3)  Estimated  values  when  ti\&  values  are  proven  correct 

(4)  Formula  for  the  statical  bearing  capacity 
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Hhen  calculating  the  alloMoble  vertical  bearing  edacity «  several  formilaBr 
not  aerely  one  fonmilar  should  be  used  so  that  a  conipr^iensive  study  may  be  made  £Ton 
the  results  of  all  auch  calculations.    The  allowable  bearing  ci^acity  is  a  value  to  be 
obtained  by  dividing  the  ultimate  bearing  capacity ,  obtained  freni  the  statical  foxiiula% 
by  a  safety  factors  given  in  Table  3-1. 

The  conception  of  the  bearing  area,  when  calculating  the  bearing  capacity  of  the 
ground  and  the  bearing  capacity  calculation  foxnulast  au:e  shown  in  Table  3-2.  The 
symbols  useA  in  Table  3-2  are  as  follows; 

Ra:    Allowable  bearing  capacity  of  a  sheet  pile  (kg) 
S;     Safety  lai:LOi. 

Z^i    Length  of  penetration  o£  well  (cm) 

t  1    length  of  prong  (cm) 
z 

Ui    External  circumference  (cm) 

u  t   Circumferential  length  of  prong  <cr) 
o 


n  :   tlunber  of  shset  piles  forming  the  well 

efii    Ultimate  bearing  ocqpacity  of  the  ground  at  the  distant  end  of  sheet  pile 

(kg/cm^) 

f:     Frictional  force  on  the  circumrerentxal    surface  of  well  (kg/ cm") 

2 

f^j    Frictional  force  on  the  ciccmnf erentiai  surface  of  prong  (kg/cm  ) 

3-4  Horizontal  Resi^stance 


(i)  Flexural  rigidity 

The  flextnral  rigidity  is  conaidMDed  to  vary  according  to  the  treatment  of  the 
joints  betmeen  the  sheet  piles «  the  treatment  of  the  heads  of  sheet  piles  *  the 
type  of  soil,  and  the  shapea  and  dinrnteions  o£  the  sheet  pile  foundations. 

ha  a  matter  of  oonveniosce,  the  fl^ural  rigidity  can  be  dbtained  by  using 
the  following  formula  as  obtained  from  the  experimants; 

"1 

B   =  E(  Hi  +  liEAi  yj)  (3-1) 
i=i  i=l 

where 

Bt    Elastic  modulus  of  sheet  pile  (2.1  x  loSg/cm^) 

4 

It    Hanant  of  inertia  of  sheet  pile  foundation  (cm  ) 
lit    Monent  of  inertia  of  i-th  sheet  pile  (cm^) 
n, t    Number  of  sheet  piles 

*  2 

A. :     Sectional  area  of  i-th  sheet  pile   (cm  ) 

X 

yi:    Distance  of  i-th  sheet  pile  from  the  center  axis  of  sheet  pile  foundation 
(cm) 

VI    Composite  efficiency  of  sheet  pile  foundation  (0  to  1.0). 
The  reference  values  are  shown  in  Table  3-3. 
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(11)  OMff Idant  o£  ground  zMOtlon 

fhe  ooefflolent  of  tiM  ground  reaction.  Is  dsflnod  as  the  spUt  line 
gradient  of  the  load-dlsplaeenent  curve.   Vhat  ls< 

K  -  J  (3-2) 

where 

K:    Coefficient  of  ground  reaction  (kg/cm"^) 

The  ground  reaction  coefficients  include  horizontal  ground  reaction 
coefficient  (K^) ,  vertical  ground  reaction  coefficient  (K^) ,  and  hori- 
aontal  shear  spring  coefficient  (Ks) . 
Pi    Load  Intensity  (kg/em') 
yt   Jmonnt  of  dlsplaeeumt  {cm) 
(1)  Method  of  estisMtlng  the  ground  reaction  coefficient.  In  the  well  pppa  of 

sheet  pile  foundation 
o  Metliod  of  estiaatlng  the  horizontal  ground  reectlon  coefficient 

*m  ■  So*  30^     *  -  12.8  K^'bT  4 


3 

Horizontal  ground  reaction  coefficient  (hg/on  ) 
K^t    Ibis  Is  tlie  horizontal  ground  reaction  coefficient  (kg/cn^)  which  Is 
agttlvalaut  to  tJie  value  obtained  hy  the  plate  loading  test  using  30  cb 
dlasttter  rigid  disk  and  can  be  ea^ressed  by  the  follovlng  formula  In- 
eluding  the  20%  share  by  the  side. 


1.2 

30   ~~0  O 


KjjQ  =         OE_  «  0.040  OE 


3 

B  t    Modulus  of  defomtlon  of  ground  gkg/cn  )  Measured  or  estlaated  by  the 


Bi    Load  width  (OB) 

netlMds  shown  In  Table  3-4. 
OS   Coefficient  which  are  used  norwally  or  at  the  tl«e  of  earthquake*. 
Shown  In  Table  3-4. 
o  vertical  ground  reaction  ooefflolent 

^1,  ^2  -  '  '  "-"^voV  '  *^*> 


where 

K^j^t  Coefficient  of  vertical  ground  reaction  at  the  wall  bottoot  (kg/cm^) 
K^i    Ooefflolent  of  vertical  ground  reaction  at  ttie  prong  end  (kg/cm^) 
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K^:    Hm  wrtloal  gsoand  mactlon  oo«f£iol«nt  {k^/on  )  •q^lv«l•llt  to  tha 

valuA  Qbtainad  by  th«  plat*  lua^fng  tsat  wing  a  30  ea  dianwtac  disk  and 
can  ba  obtainad  by  tlia  fbllowlDg  fomnila.  * 

Byi   Bquivalant  load  width  of  foundation  (caiy «  irtiioh  can  ba  obtalnad  by  tba 
fbllowing  fonnla. 


Bv  ■  Av 


E  :    Modulus  of  defonnation  of  ground  aieasured  or  estimted  bv  tha  wethoda 

*»  3 

shown  in  Teible  3-4   (kg/cm  ) 

<Xt    Coefficients  to  be  used  normally  or  at  the  time  of  earthquakes.  Shown 
in  Table  3-4. 

A  :    Base  area  surrounded  by  the  outer  and  inner  circumferences  of  the 

"  2 
foundation  (cn  ) 


Mhan  tba  qmmA  banaath  tha  baaa  of  tha  ahaat  pila  foundation  ctaangaa  in  tha 
dlxaction  of  tha  d^pth*  or  whan  thara  axiata  a  particularly  waak  atratvnu  tha  following 
diottld  ba  considarad; 

o  Hoxlaontal  shaar  spring  ooaf  f iciant 

K  -  X  K  1 
a  V 

♦  3 
K^:    Shear  spring  coefficient  of  tha  wall  bOtton  (kg/cm  ) 

<lii)  Calculation  of  horizontal  resistance 

Assuming  the  sheet  pile  foundation  to  be  a  beam  on  an  elastic  foundation^  its 

horizontal  resistance  shall  be  obtained  by  the  following  formula. 

El^  =  -ky  (3-5) 
dE* 


whara 

kt    ROrismtal  ground  reaction  ooaffieiant  (kg/cm^> 

y:    Amount  of  displacement  (cm) 

x:     Depth  from  the  ground  surface  (cm) 
Both  the  well  type  and  the  pronged  type  of  the  sheet  pile  foundation  shall  be 
such  a  structure  that  there  exist  a  horizontal  spring,  vertical  spring  and  shear  spring 
on  its  front,  side  and  bottom.     Furthermore,  in  the  case  of  the  well  type,  the  bottom 

Shall  raoaiva  a  vartlcal  gxoiaid  caaction  ^oportional  to  tha  vertical  dia^laeaMiat  and 
a  abaar  raaiatance  proportional  to  tba  boriaontal  dlaplaeanant. 
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WbieD  this  psMtration  Icngtti  Is  short  for  Its  rigidly »  and  the  shear  dBfozmtlon 
Is  so  large  in  anoont  that  it  cannot  be  ignored,  the  foundation  WMt  be  designed  by 
taking  the  shear  deformation  into  consideration. 

(1)  Design  of  tho  well  type  sheet  pile  foundation 

A  mechanical  model  of  this  type  foundationf  Is  illustrated  in  Fig.  3-1. 

o  Basic  Formulas 


The  following/  are  the  basic  equations  relative  to  the  model  shown  in  Fig.  3-1. 


BI 


BI 


0 


'9 


(3-6) 


where 


P  ■       Yj^  =       Dy^^  (cm) 


0:    Load  width  of  sheet  pile  foundation  (cn) 
y^:   Diaplaosnent  (cm) 
ihe  follawing  are  the  general  solutions  to  ecpiatlonB  (3-6) . 
For  the  part  above  the  ground 


For  the  part  under  the  ground 


(3-7) 


-  e     (A     sin  3x  +      cos  3x) 

gv 

e     (C.  sin  &x  +  D,  cos  6x) 


The  unknown  constants  can  be  determined  by  substituting  the  following 
boundary  consitions  into  the  general  equations; 
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•  :   -Elyo"     =  -Mq 

-EVo'"  "  -Ho 

«  ■  0  :  yo  -  yi#  yo*  ■  yi* 

II     II     111    _  «i. 

.B^l'"  .  -K,  AV  yi 

tbauwrnrt  when  «  t«wll«  forea  Is  acting  on  ths  well  bottoBf  ttw  solution  mist 
eon*id«r       (nmtnt  of  in«rtia  wtll  tetton}  f  and  A^'  <af feotiv*  loading  araa  of  voll 
botton)*  wliidi  Ignore  the  pwrt  where  the  tensile  force  is  acting. 
3-5  Section  Forces 

The  stress  Intensity  in  the  vertical  direction  of  the  well  type  sheet  pile 
foundation  can  be  calculated,  using  the  section  forces  of  the  well.    Using  the 

vertical  force  the  horizontal  force  and  bending  moment  working  on  the  top  of  the 
well  is  then  obtained,   and  then  the  stresses.     When  the  conposite  efficiency  exceeds 
0.5,  the  equation  (3-9)  shall  be  used  and  when  it  does  not  exceed  0.5,  equation 
(3-10)  shall  be  used. 


(3-8) 


0  =  +     -'^o  V  (3-9) 

nl  Ao    -     I  ^ 

*  =  +  Mo(-^  +  — )  (5-10) 


idtere 

2 

O:    Stress  intensity  in  the  vortical  direction  {kg/cm  ) 

p 

V^:     Vertical  force  working  on  the  top  of  the  well  (kg) 

A  :  Sectional  area  of  a  sheet  pile  (cm^) 
o 

M  ;  Moment  working  on  the  top  of  the  well  (ky/cm) 
°  4 

I:  Moment  of  inertia  (cm  }  with  considering  the  composite  efficiency  (y) 

yi    Dieteaca  (c«)  frm  the  central  axis  of  tiie  wall  to  the  point  yUvvxm  atxeaa  ia 
calculated 

n.s   MunlMr  of  sheet  piles  in  the  well 

3 

7,^:    Section  modulus  of  each  sheet  pile  (cm  ) 

Z. t    Section  modulus  of  the  foundation  when  u  *  1.0 
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n:    Bending  moment  distribution  constant  which  is  determined  by  the  composite 
efficiency,  as  shown  in  Table  3-5,  for  example. 

(4)  Table  3-5 


0.  5 

0,  93 

4.  Past  PilG  Foundation  Construction  Projects 

Important  examples  of  sheet  pile  foundations,  constructed  prior  to  January  1975, 
are  shown  in  Tables  4-1,  4-2,  and  4-3.     These  tcd:)les  sliow  the  project  name,  purchaser, 
location  of  work,  starting  date  scale  of  work  (basic  sectional  dimensions,  sheet  pile  di- 
Bflintloinfl,  liiadter  of  foundatlona) ,  tbe  type  of  sheet  pile  (type,  type  of  joints,  length  of 
jointe)  f  and  the  faesie  tgrpe.    Table  4-1  shows  -Uiose  fasas  in  idiii^  staal-pipa  piles  vara 
used  In  the  eonstnietlon  of  bridge  foundations,    ihere  are  37  bridges  and  126  sheet  pile 
foundations.    Table  4-2  shows  the  eases  in  which  steel-pipe  piles  were  used  in  the  con- 
struction of  blast  furnace  foundations  and  other  foondatiooa.    There  are  14  cases  and  59 
foundations.    Table  4-3  shows  the  cases  in  which  H-shaped  steel  sheet  piles  were  used. 
There  are  6  cases  and  32  foundations.   A  total  of  148  sheet  pile  foundations  were  ocn- 
structed  for  40  bridges.    As  seen  fron  these  cases  of  sheet  pile  fowidatian  projects* 
steel-pipe  piles  were  used  for  nost  eases.    There  were  very  few  cases  in  which  H-8h«^d 
steel  piles  were  used,  and  almost  none  in  recent  years.    It  is  also  noticeable  that  th«re 
is  an  increasing  number  of  the  cofferdam  type,  which  is  an  imiportant  characteristic 
feature  and  merit  of  the  sheet  pile  foundation. 

Figs,   -l-l  through  4-4  show  the  histograms,  obtained  from  the  dat.i  given  in  these 
tables.     Fig.  4-1  shows  a  histogram  representirig  rectangular  or  oval  sheet  pile  foundations, 
using  their  largest  width.    Of  the  bridge  foundations  built  with  steel-pipe  piles,  there  are 
1&  such  foundations  ranging  from  10  to  15  m  in  width.    Fig.  4-2  shows  the  circular-shaped 
sheet  pile  foundations,  arranged  by  ttaeir  diaaetera.    in  this  instance,  these  are  the  only 
cases  in  whicAi  steel  pipe  piles  are  used.    The  foundations  of  this  type,  range  frcai  5  to  10 
ID  in  dianeterf  and  are  used  nost  often  for  bridges.    There  are  as  naior  ns  30  such  cases. 
Fig.  4-3  rtiows  a  histogram  arranged  by  tbe  sheet  pile  length.    The  sheet  piles  iised  met 
often  for  bridge  foundations  are  25  to  35  n  in  length.    Fig.  4-4  shows  a  histogran 
arranged  by  the  steel  pipe  dianeter.    The  largest  in  nurtber  are  the  steel-pipe  piles  rangiig 
froM  800  to  near  1000  on  in  dianeter.    As  nany  as  57  foundations  fall  into  this  category. 

5.  in-slte  Testa  of  sheet  Pile  Foundaitions 

Tables  4-1  through  4«^3  show  the  sheet  pile  foundations  which  were  constructed  in  the 

past  and  in-site  tests  (loading  tests,  vibration  tests,  in-site  neasurementa  of  stresses), 

(4) 

where  the  test  results  are  rearranged  in  Table  5-1     ,  including  11  eases. 

We  will  now  discuss  the  results  of  tests  oonducted  on  the  Onigawa  Bridge,  in  which 
extensive  data  were  collected.    Fig.  5-1  shows  a  cross  section  of  the  foundation.  The 

pile  length  varies  from  42.6  m  to  24.5  n  and  the  foundation  is  of  >_he  pronged  type.  Fig. 
5-2  shows  the  column  section  of  the  ground.    Fi.g  5-3  shows  the  load-displacement  curve. 

The  load  was  imposed  in  a  horizontal  direction  around  the  middle  of  a  bridge  pier.  Ttio 
diaplacoment  mcasurod  was  located  in  the  liorizontal  direction  at  the  top  end  of  the  bridge 
pier.     When  the  load  was  200  tons,   the  displacement  was  about  13  mm.     It  is  noted  that  the 
curve  is  essentially  straight,  and  it  can  be  said  that  the  test  was  conducted  within  the 
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•laatic  limits.    Fig.  S-'4  shorn  the  load-angls  of  slqpe  etirvie.   thm  angle  of  the  slope  was 
masurad  at  three  points,  that  is,  the  top  of  the  bridge  pier,  the  top  end  of  Uia  top  Plata, 
and  iha  bottcai  of  the  top  plate.    Fig.  5-S  shows  the  distribution  of  straina  in  the  bridga 
pier.    Fig.  S-6  ahows  the  diatxibation  of  stxesaea  in  the  sheet  pile  wall.    Fig.  S>7  ahOM 

the  horizontal  response  curve  for  the  top  of  the  bridge  pier.    Hia  natural  frequency  during 
this  time  was  about  6Hz.    Fig.  5-7  shows  the  vertical  raaponss  COrwa  fbr  tha  bridge  pier. 
The  natural  frequency  At  that  tine  was  about  4.5HS. 

6.   Joint  Characterietica  of  sheet  Pile  Foundations^^* 
6-1  Purpose  of  Joint  sttangtai  Tfu^ 

The  sheet  pile  foundations  consist  mainly  of  steel-pipe  piles  driven  into  the 
ground  to  form  a  circular,  oval  or  rectangular  enclosures,  with  the  piles  being  connec- 
ted with  one  another  by  raeans  of  3oints.     Because  of  this  connection,  their  structural 
characteristics  are  qreatly  influenced  by  the  joints.     This  may  be  understood  from  the 
fact  that  the  use  of  even  the  joints    which  have  very  low  rigidity,  gives  the  founda- 
tion a  rigidity  far  greater  than  when  no  joints  aro  used.    However,  the  rigidity  of 
the  foundation  aa  a  whole  ia  naturally  smaller  thiui  when  the  joints  are  the  same  as  in 
the  ease  of  the  nain  pipe  piles.    The  analysis  of  such  a  systen  taking  into  aooount 
tha  joint  cibaracteristiea,  is  obviously  an  important  Xtm  to  be  considered  in  daalgntng 
aheet  pile  foundations.    As  was  diacussed  in  Chaptw  3#  the  ■oment  of  inertia  of  the 
MAtire  foundation  is  evaluated  by  the  use  of  the  'coaposite  effioimcy",  and  tiian 
aasuaing  the  foundation  to  be  a  bean  on  an  elastic  foundation.    This  nathod  is  vary 
advantageous  t  due  to  its  simplicity  when  the  length  is  sufficiently  large  in  conparison 
to  the  diameter.    Sowever,  aa  the  ratio  of  diameter  to  length  aEproaChea  1,  it  ia 
difficult  to  4liply  this  mthod  of  solution.    This  ia  baeausa  the  ahear  defomation  of  tha 
joint  ia  ignornad. 

In  order  to  consider  the  joint  characteristics  in  the  design  of  a  sheet  pile 
foundation,   it  is  necessar^/  to  know  the  shear  strength  characteristics  of  the  joint. 
There  are  various  tests  that  can  be  performed  to  evaluate  the  shear  strength  of  tha 
joint.     TVo  such  tests  have  been  conducted,   as  will  now  be  described.     In  one  test, 
three  piles  were  connected  in  parallel  and  a  punching  load  was  applied  to  the  middle 
pile  in  order  to  make  a  direct  aaaeuranant  of  the  shear  strength  of  the  joint.  In 
another  teat,  two  pilea  were  ooiribined,  one  on  top  of  the  other  to  form  a  beam  and  a 
load  ia  then  concentrated  In  the  middle  thereof  to  determine  the  ahear  charactariatics 
of  the  joint. 
6-2  Direct  Shear  Teat 

As  shown  in  Fig.  6-1,  three  piles  ware  oonnactad  in  parallel,  with  their  joints 
grouted  with  mortar  and  a  punching  load  applied  to  the  middle  pile,    thla  test  was 
oonduotad  in  order  to  obtain  the  relationship  between  tbm  load  and  the  amount  of 
diaplacement  of  the  piles  in  relation  to  each  other.    The  shear  stress  in  the  joint 
was  calculated,  assuming  a  fracture  between  the  steel  material  of  the  joint  and  mortar. 
There  are  many  different  shapes  of  joints.     Used  in  these  tests  were  pipe  type  and  the 
CT  type  joints,  which  are  shown  in  Fig.  6-2.    The  fractures  considered    are  as  illus- 
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trated,  assuming  tlie  fracture  of  the  joints  to  be    the  minimum  area  of  contact,  between 
the  joint  material  and  mortar.     (The  bond  stxength  of  mortar  is  sufficiently  small 
compared  with  the  compressive  strength) . 

The  results  of  the  tests  conducted    on  the  pipe  type  joint    will  now  be  discussed. 

Relative  to  the  fracture  of  the  pipe  type  joint,  the  shear  strength  per  unit 
length  Q  and  Ite  aliwr  etress  per  unit  area  oan  hm  welly  oalonlated  by  the  follcwing 
foxanilae. 


Q  (kg/em)  -  ^ 


2L 

<6-l) 


T(kg/cm^) 


2HOi, 


where I 

Di    Joint  pipe  dianeter  (ea) 
Lt    Joint  pipe  length  (cm 

The  results  of  the  direct  shear  test    will  be  graphically  shown  as  the  relation- 
ship between  the  superimposed  load  P,  shear  strength  per  unit  length  Q,  shear  stress 
per  unit  area  T  and  the  amount  of  displacement  between  the  joints.     The  amount  of  dis- 
placerasnt  and  deformation  between  the  joint  and  mortar >  where  they  are  in  contact  with 
each  other,  increased  almost  linearly  until  the  load  reached  about  25  tons.  Thereafter, 
it  increased  sharply  and  ruptured  when  the  load  was  increased  to  about  50  tons.  This 


Mbma  waxiwiwi  eliear  etrength  Q  and  wexiwuw  ehear  etxesa  T  vere  about  250  Isq/ai 
2 

and  S  kg/cn  ,  reqtectively.   The  oo^praasive  etrength  of  the  Mortar  which  was  used  to 

2 

gxottt  the  Joints  was  a_  •  180  kg/ca  . 

5  2 

Jkasming  tiuit  tihe  aortar'a  Young's  andulua  is  B  ■  2.1  x  10   kg/cn  ,  the  aoduliis 
of  rigidity  of  tlie  standard  nortai  Q  therefore  is  as  follows} 

5 

.         B  2.1x10         -  -      ,-5  .    J  2 

®  ■  iTTZST  ■   ^         ■        *  ^0    kg/c»  (6-2) 

2(1+^) 

However,  from  the  test  results,  the  modulus  of  rigidity  G'  can  be  calculated 
wising  the  shear  stress  per  unit  area  x  and  the  amount  of  displacement  of  the  joints 


C«  .  T/y  -   -  2.47  X  10*  kg/aa^  -  (6-3) 

lxlO"V24.7 

nam  this  rsswltf  it  can  be  stated  that  the  Modulus  of  rigidity  of  the  joints 
is  oonsiderably  lower  than  Uie  nodulus  of  rigidity  of  the  oBTtar. 
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6*3  ^Banding  Sh— r  I»»t 

Aa  illmtzated  in  Fig.  6*>4t  two  pilas  were  aa^LmAt  one  on  top  of  the  other*  with 
the  joint  grouted  with  wnrtar  to  foxn  a  bean,    a  concentrated  load  was  then  afplied  in  the 
niddle  of  the  bean*  which  was  freely  supported  in  the  bending  shear  test.    Ten  such  tests 
were  conducted.    Various  shapes  of  joints  were  used  in  the  testp  bat  consisted  primarily 
of  the  pipe  type  joint  and  the  CT  type  joint,  which  were  also  used  in  the  direct  shear  test, 
"rtie  results  of  only  one  of  the  tests  will  be  given  herein    due  to  space  limitation.  The 
relationship  between  the  shear  otress  m  the  joint  and  the  rate  of  dfcreanR  in  the  shear 
stress    for  the  condition  of  a  riqid  connection  is     obtained  from  the  test  results.  There- 
fore, a  method  which  gives  such  a  relationship    obtained  from  the  load-striir.  curve  and  a 
method  of  obtaining  the  infozraation  from  the  load-strain  distribution  in  relation  to  the 
Shear  strengOi  tranflotission  coefflolent  a  will  be  presented. 

(1)  h  Hethod  of  Obtaining  the  relatiooship  from  the  Load-strain  Curve 


in  whiA  T  is  the  joint  shear  stress  in  which  the  rigid  connections  are  ijgiperfect, 

and  T'  is  the  joint  shear  stress  between  the  two  piles  witii  rigidly  connected.  The 

aonent  of  inertia  I   would  be  as  fbllows; 
o 

lo  -  21-  +  2A'(-|-)^  f  -|-  A»d*  (6-S) 

Where s 

2 

A';     Sectional  area  of  a  sheet  pile   (cm  ) 

4 

I':    Moment  ot  inertia  o£  a  sheet  pile  (csn  ) 

Mhen  a  concentrated  load  P  is  imposed  in  the  middle  of  the  beam,  the  deflection 
of  the  eenterpoint  6  can  be  obtained  aa  follows  t 
i)  O  •  0  (Mo  joint  connection) 


The  shear  strength  transnission  coefficient  a  is  defined  as  follows s 


r(kg/cm2)  -  or 


(0  ^  a  ^  1} 


(6-4) 


8  a 


(6-6) 


96  EI' 


ii)  a  «  1  (Perfect  rigid  joint  connection) 


P  8 


48  Elo 


(6-7) 


iil)  0  <  a  <  1  <Iii[Mu:£ect  rigid  joint  connection) 


d 


_  .  P     A'  2 

T  O  m    a           •  - 

2  lo 
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mil  the  «qttllllMrii»  of  wemmt 


(6-8) 


At  this  tiiKf  the  deflection  of  the  center  £>oint  Is 


i  - 


(6-9) 


48  EI* 


The  joint  shear  strength  Q  is 


•ft 


(6-10) 


Thusr      oan  obtain  tht  ralatioM  of      6  and  o. 

(2)  A  maoA  of  obtaining  tha  Aalatlanahip  from  tiie  Load-stxain  Dlatribution 

AMQMing  tMO  ecoM  aaetional  strain  dlatrlbtttioma  of  tlM  eonpoaita  beam,  that  ia, 
Hhan  tiia  joint  la  inparfaetly  oennactad  and  tAian  tha  joint  ia  parfaotly  ooaneetad,  tha 
joint  shear  atarangtii  Q  and  tha  tfiaar  traaamiaalon  ooaf f ieiaat  a  can  ba  Obtained  aa 

fOllOMt 


i:  Slnln  in  tke  cue  of 
kiperfectioliit 


SMia  in  the  cue  of  pNfKll<|H 


Pig.  6-9  Strain  Oiatribution 


(6-11) 


a  is  determined  fzon  the  strain  distribution  is  defined  as  follows 
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(6-12) 


JUi  shown  abovw,  the  shaar  vtrangth  tranniaslon  eoaffici«nt  a  oan  ba  obtlamd  by  tMO 
dlff«z«nt  mthods  frooi  test  results. 

Hm  bending  test  is  illustrated  in  Fig.  ^6.    In  this  test,  tiie  joint  was  a 
pipe  type,  and  the  relative  sise  of  the  joint  for  the  nain  pile  is  larger  in  ooeparison 
to  an  actual  sheet  pile  foundation.    The  test  results  are  given  in  Pigs.  6-7  tbroagh 
6-11.    Fig.  6-7  shows  th«  load-central  deflection  curve.    It  ia  seen  that  the  experi- 
mental curve  is  approxlnately  midMay  between  the  calculated  values,  in  the  ease  of 

rigid  joint  connection,  and  of  no  joint  connection.    Hhen  Htm  steel  Material  begins  to 

2 

yield,  {the  stress  is  about  2400  kg/cm  ) ,  the  deflection  increases  substantially  com- 
pared to  an  increase  in  load.    Fig.  6-8  shows  the  load-deflection  in  the  axial  direc- 
tion of  the  pipe.     The  values  are  measured  to  the  loft  and  right  of  the  supports. 
Fiq.  6-9  shows  t>ie  load-strain  distribution  at  a  point  1  m  away  froin  the  center  point. 
When  the  load  is  small,  tlio  strain  distribution  is  such  that  plane  bearing  occurs  but 
as  the  load  increases,  the  upper  and  lower  piles  gradually  begin  to  show  an  independent 
strain  distribution. 

The  relationship  betMeen  the  load  and  the  Awar  strength  transnission  coefficient 
is  shown  in  Fig.  6-10.    ihe  solid  line,  in  this  figure  represwt  what  was  obtained 
fmn  the  load-strain  curve  9ivan  In  Fig.  6-7.   fibe  brokm  line  represents  what  was 
obtained  froK  the  load-strain  curve  given  In  Fig.  6-9.    These  two  lines  should  ^ree 
with  eac9i  other,  but  actually  are  wide  apart  from  ea^  other. 

J^art  froB  the  ataove-nanticnad  teat,  ten  other  types  of  tests  tfere  conducted, 
and  will  now  be  described. 

Hhen  the  joint  was  not  grouted  %d.th  nortar,  the  strain  distribution  showed  that 
the  upper  and  lowwr  piles  behaved  as  an  almost  perfect  single  body.    Examination  of  the 
load-strain  carve    shows  that  the  experimental  values  are  roughly  in  agreement  with  the 
calculated  values  for  the  case  when  there  is  no  riqid  joint  connection. 

None  of  the  tests  showed  the  results     in  which  the  two  load-shear  strength  trans- 
mission coefficient  curves  were  nearly  in  agreement  with  each  other,  but  the  two  curves 
were  considerably  wide  apart  from  each  other.    There  seems  to  be  a  tendency  that  the 
shear  strMigth  transmission  coefficient,  which  was  obtained  fron  the  load-strain  curve, 
is  BBHller  than  the  actual  value.    The  average  of  the  load-shear  strength  transmission 
coefficient  curves,  obtained  by  the  tests,  is  r^resented  by  the  curve  shown  in  Fig. 
6-11.   To  obtain  this  curve,  the  shear  strength  of  the  joint  (the  shear  strength 
%rt)en  the  joint  is  rigidly  connected)  was  obtained   asstaiiing  a  joint  fracture  and  it  was 
replaced  by  the  load. 


VII-22 


7.    New  Approaches  to  Structural  Analysis  for  Horizoivtal  Resistance  of  the  Sheet  Pile 
(5) 


Foundation 


.(6)  (7) 


7-1  Linear  interpolation  Mfcthod 
(1)  Matfliod  of  Jiaaiyais 

Shft  mtliod  of  analysis  to  ba  usad  la  baaad  wi  tha  curva  9lvan  in  FI9.  6>11  whldi 
waa  obtalnad  in  tha  pracadlng  ehaptar.    Tb»  analysis  of  tha  shaat  plla  foiwdation  with 
rigidly  connected  joints   is  obtained  by  U.L.  Oiang'a  fonnila.    ihia  foxaula  is  obtained 
by  tha  group  of  piles  Mthod  wh^i  tha  joints  are  not  connaetad.    Thay  are  linearly 
distributed  by  tha  shear  stxangth  transalssion  coefficient  and  thua  tha  obtained  values 
are  takM  as  the  analytical  solution  of  the  sheet  pile  foundation. 

Ihls  value  of  a  ie  detarained  frosi  Fig.  6-11   by  obtaining  tha  joint  shear  stress 
wtien  the  joint  is  assumed  to  be  rigidly  connected. 

The  section    forces  of  the  aheet  pile  foundation   when  horizontally  loaded   can  be 
obtained  as  follows. 

(i)  Section  forces  when  the  joints  are  rigidly  connected 


(7-1) 


whme: 

4 

I:   Manent  of  inertia  of  tiie  wtire  sheet  pile  (en  ) 

4 

1. 1    MOBiaat  of  inertia  of  an  individual  pile  (em  ) 

*  2 
A^i    Sectional  area  of  an  individual  plla  (cm  ) 

y^:    Distance  from  the  centroid  of  the  idwle  piles  to  the  centroid  of  the  i-th 

pile  (on) 

The  saetioa  forces  of  tha  whole  piles  at  an  arbitrary  point  Is 


*,(*)=-         C-^,  *)        Cc««^,  z-f  sinif,  a)  +-S  sin/.z} 


(7-2) 


Tha  banding  ■nsantf  axial  foroe  and  shear  strength  of  an  Individual  pile  at  an 
arbitrary  point  are 
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(7-3) 


whara  t  u  j 


(ii)  Section  Forces  When  the  Jolntfl  JkM  Hot  OOBBteted 

Analysis  shall  be  made  by  the  use  of  the  group  pile  dlsplaOMMnt  Mthod. 
analysis  can  be  aiade  by  detaxnining  the  footing  displsc— >ent. 
If 

if,  =.2 


1!ha 


tM  obtain 


0 


0 
0 


9  = 

1 

J 

(7-5) 


Hence  we  can  determine  the  saotion  forcas  of  an  Individual  pila  at 
point  from  the  value  of 


an  arbitrary 


=-  ,*p  f-/,,)  {PM.^  leaM,,  +  sM,«)  sii«r,s 
t«        *  • 


(7-6) 


VIZ-24 


Digitized  by  Google 


where: 


<7-7) 


(lii)  Section  Forces  wirien  the  Joints  are  Imperfectly  Connected 

The  section  forces  can  be  obtained  by  the  use  of  a,  and  thus  linearly 
distribute  the  section  forces  of  an  individual  pile  at  an  arbitrary  point  which 
have  been  determined  by  (i)  and  (ii) . 

S.=«(S,.  +  (i-rt^  s,. 


(7-8) 


ZA  thi*  aammt  %dieztt  the  linear  Interpolation  nethod  la  uaed,  the  shear  atreaa  of 
the  joint  is  needed  for  determining  a  emd  it  is  neoessary  to  take  a  repxesentative 
value  at  the  section.    In  detemining  the  r^^esentative  value,  a  value  of  2/3  of 
^  naxioMB  shear  stress  is  assuaed,  and  tiie  sectional  shear  flow  is  distrilmted  in  a 

parabolic  form. 

(2)  Comparison  of  the  Measured  Values  and  the  Analytical  values  of  Stress  Intensities 

in  the  Body  of  a  Sheet  File  Founrtation 

A  comparative  study  of  the  meaKured  and  analytical  stress  intensities  in  the 
sheet  pile  foundation  was  made.     The  analytical  values  were  obtained  by  use  of  the 
method  given  by  the  present  specification  ^'^^   (two  methods  using  the  composite 
efficiencies  0£  0.5  auid  1.0},  the  group  pile  nethod,  and  above-mentioned  linear  inter- 
polation aetliod  giving  a  total  of  four  aetJieda.   ilia  ocnparison  of  tiiesa  are  iboim  in 
Pigs.  7-1  and  7-2.    m  Fig.  7-1  the  horitontal  force  is  160  tons  and  in  Fig.  7-2  it 
is  25-  tons.    Apart  fron  these  values,  the  analytical  values  are  coapared  with 
the  veasurad  values  for  the  four  cases.    Fron  su^  results,  it  can  be  said  that  the 
linear  intexpolation  nethod  prodaoes  values  can8lder«a>ly  close  to  the  neasured  values. 
7»2  AnalysiJt,^  With  Consideraticn  of  the  Helative  DiqplaoMient  of  Piles 
(1)  Derivation  of  the  Basic  FOznula 

A  model  is  assumed  as  shown  in  rig.  7-3    to  represent  the  defoznation  under 
a  load.    When  the  structure  is  deformed,  the  plane  A-A  becomes  stepped  as  illus- 
trated  due  to  the  relative  displacwent  of  the  piles.    Here  the  following 
asBUirptions  are  made  r 

(1)  The  intersections  of  the  plane  A'-A'  and  the  center  lines  of  the  piles 
are  on  a  plane  B-B.    This  maken  it  possible  to  treat  the  entire  behavior  of 
the  model  in  the  same  cnanner  as  a  beam  subjected  to  a  shear  deformation. 

(2)  The  shear  deformation  of  the  piles  is  ignored. 
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The  basic  formula  is  derived  on  such  assumptions.  If  the  displaceoient  of 
pile  at  an  acbitrary  point  is  represented  by  u  and  w,  or; 


u^,  w^:    Oanponents  of  dliplaoaaent  In  x  and  Z  dixttotlona 

u.*     t    Diffarantiation  £or  8 

o 

The  coordinate  system  is  shown  In  Fig.  7-4. 
Ttia  direct  strain      and  tha  «h«ar  strain  ar« 

The  formula  o£  equilibrium  is  derived  fiom  the  principle  of  virtual  trork  as 
£olloi». 

(7-11) 

wbQre : 

q        :    Ground  reaction 

P        :    Distributed  external  force  working  in  direction 

X 

^xa     "     Surface  force  working  in  Z  and  x  direction  at  the  sections  of  both  ends 

V        :     X 'direction  component  of  the  outward  unit  normal  line  vector  of  the 
saetiona  oC  botb  anda 

Transfoxnlng  the  equation  (7-11)  f  the  diffarantial  eqaatioa*  of  aqnilibriun 
expraseing  diq>laoawnt  can  be  ctotained  as  followai 

-  )'+  {CAlu',-9) 


(7-9) 


) 


(7-10) 


=■0 


(7-U) 
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1*1  Honmt  of  liMrtU  at  tli«  gravity  o«At«r  6m  to  the  axial  forca  of  plla 
Ipt   Votal  of  nnnanta  of  loarti*  of  all  pilas 


If  the  displacement  6  is  eliminated  from  the  equation  (7-12) ,  the  following 
diCfarential  eqiuation  of  aquillbxlun  with  r«spact  to  tlie  displacsment    is  obtained} 

Bi*  Et* 
—  .  &t.i^-&  (i*  +  i^,.W  +  __,,j;_,.^^_^^  (7-13) 


(ii)  Selection  of  Modulus  of  Elasticity 

The  modulus  of  elasticity    E  is  assumed.  2.1  x  ic'^  (t/cm^)   for  steel. 

The  shear  modulus  of  rigidity  is  assumed  using  a  model  as  shown  in  Fig.  7-5.  The 

shear  modulus  of  rigidity  is  obtained  using  the  average  clastic  shear  deformation 

of  the  joints  for  the  entire  piles.     If  the  shear  deformations  of  the  joint  and 

the  main  body  of  pile  are  represented  by  Y  Y  <  respectively,  then; 

c  s 


(7-14) 


tdiazat 


Slwar  nodulvs  of  rigidity  of  aatarial  of  tha  joint 

o 

6^t   Modolua  of  rigidity  of  Mbola  pila 

Tha  equivalent  shear  modulua  of  rigidity  6  can  ba  dataminad  1^  tlia  oaa  of 
tha  aquation  (7-14)  as  followsi 


OA-   


£)»  ,    ^=4,+i<,  17-1-5) 

+ 


(iii)  Jiipplieation  of  a  Sinpla  Caaa 

An  application  ia  aada  ralativa  to  an  axparimantal  spociaan  ««  illiwtratad 
in  Fiff.  7-6.    Tha  joint  ia  gxoutad  with  oaamit  paate,  bacausa  the  andal  ia 
anall  ia  aiza.    Thara  ara  tao  oodelaf  ana  of  than  uaaa  thraa  pilea  and  tha  other 
six  pilae.    The  Bodel  ia  agaiwied  to  be  placed  in  the  air,  and  tha  pila  haada  ara 
hinged  and  the  bottoaw  are  rigidly  oonneeted  and  a  horisontal  load  ia  appliad  to 
tha  head. 

In  obtaining  tha  general  solution  to  the  equation  (7-13) ,  if  the  spring 
oonatant  of  the  ground  X  is  o  and  the  x-dlrectlon  distributed  external  force 
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la  0,  tha  Aquatiai  (7-13)  can  be  r«Mritten  as  follows i 

/l=y  1—  (7-16) 

r 

Hie  general  solution  to  the  equation  (7-14)  is 

The  boundaicy  condition  for  the  hinged  head   is  obtained  by  assuning  it  to  be 
in  tbe  vertical  and  horizontal  directions  and  rotation.   The  angle  of  rotation 
at  the  end  of  pile  and  for  the  pile  as  a  whole   are  not  the  aane,  because  the 
piles  are  displaced  in  relatianshlp  te  each  other.    Fken  audh  boundaxy  conditionBr 
the  unknomi  constants  can  be  obtained  by  solving  the  six  simultaneous 

eguationa  givat  in  Table  7-1. 
(iv)  Calculation  Results 

The  displacement  of  the  pile  head  and  the  stress  in  the  pile  body  were 
calculated  by  varying  the  shear  aodulus  of  rigidity  Of  the  joint.    The  following 
moduli  of  rigidity  were  ueed. 

(G)  Ge  •  Gst    The  equivalent  shear  modulus  of  rigidity*  when  the  sectldh  of  the 

joint  is  assumed  to  be  made  entirely  with  steel 
(G)  6  «        :    Infinite  shear  modulus  of  rigidity,  that  is,  the  shear  modulus  of 

rigidity  when  there  Is  no  displacement  of  the  piles  in  relationship 

to  each  other 

(equivalent  G)  ;     The  slieaj:  nvodulus  of  riqidity  obtained  by  method  (iii) 

In  Fig.  7-7  the  ratio  of  (equivalent  G)  to  (G)  Gc"Gs  is  plotted  on  the 

horizontal  axis  and  ratio  of  (m  }  to  (y  )  6  •     on  the  vertical  axis.    If  the 

o  o 

damping  rate  for  Gc  (shear  modulus  of  rigidity  of  the  ciemant  paste)  is  taken 

at  1.0,  the  abscissa  would  be  0.45.   Also  u  /(m  )  g  »  n  would  be  1.02,  1.075, 

o  o 

l.OBO  and  1.375  when  n  (nuatoer  of  piles)  -  3  (f^l.615m>,  M-3(i-0.7n)  and  11-6 

(A»0.7ta] .    The  bond  rigidity  of  tiie  cement  paste  and  steel  auterlal  is  taken 

as  0.3  of  the  shear  rigidity  of  the  cement  paste.   Then  (equlvaloit  G)/(equivflilant 

G)  Ge»Gc  would  be  0.19.    Thus,  front  Fig.  7-7,  y  /(v  )  6  ■     would  be  1.025, 

o  o 

1*110,  1.125  and  1.575,  respectively. 

7-3  analysis  with  Consideration  of  the  Bending  and  Shear  Deformations 

(1)  Derivation  of  Basic  Formula 

A  model  is  ccnstructed  as  shown  in  Fig.  7-8,  which  represents  a  sheet  pile 
foundation  structure.    Assuming  the  entire  piles  to  be  an  integral  beam,  the 
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basic  formula  is  derived  by  taking  into  consideration  the  bending  and  shear  defor- 
ations. 

The  displacement  of  pile  at  an  arbitrary  point 


I 


(7-18) 


Iha  diz«et  strain  c_  and  the  shaar  strain  y     can  be  obtainad  by  tise  of  the 

z  xz 

aviation  (7'-16}  as  follows 


(7-19) 


From  the  principle  of  virtual  work,  the  equation  of  quilibriun  can  be  obtained 
as  follows 


(7-20) 


Roa  tha  aquation  abova*  the  differential  equations  of  eqaillbriun  expressing 
displaesMmt  oan  be  obtained  as  followst 

•  J  (7-21) 

If  the  di^lacsnent  6  is  elialnatsd  from  the  equation  (7-19) ,  the  following 
differential  equation  of  eqailibriun  in  relation  to  the  displac— nt  is 
obtainedi 


EJ 

"      OA     '        "      '  (7-22) 
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(ii)  Jtnplioation  of  a  simple  case 

itivllcatiOD  of  thasa  aquatlona  la  Mida  relative  to  an  ajparlaantal  ^mn^tamt 
aa  llluatratad  in  Fig.  7>6.    The  ahaax  rigidity  of  the  joint  la  datenalnad  by 
ma  of  aquation  (7-15).    iff  in  aquation  (7-22}  f  the  aprlng  conatant  of  tiia 
ground  k  iBO>ana  the  x^^Uxactlon  dlatrlbutad  external  force      la  0. 


(4) 


(7-23) 


Th«  general  solution  will  be 


M-.  ■  C,  +  C_Z  +  C,Z    +  C.Z 
O        1        ^  3  4 


(7-24) 


HoweveTf  the  unknoMn  eonatanta  ~  oan  be  obtained  fm  the  boundary  oondl- 
tlona  aa  followai 


3Et 


2«i 


GA 


P 
GA 


(7-25) 


{ill)  Calculated  Rsattlta; 

In  Figs.  7-9  and  7-10,  q     '  Gc  (    ij  •  is  damping  rate)  is  plotted  on  the 
horizontal  axis  and  the  horizontal  displacement  of  pile  head  on  the  vertical 
axis.    A  comparison  is  then  made  of  these  results  by  taking  into  consideration 
the  displaconent  of  piles  in  relationship  to  each  other.    Fig.  7-9  shows  a  case 
in  which  there  are  six  piles  and  the  pilts  length  is  1.615  ro.    Fig.  7-10  shows 
a  case  in  which  there  axe  the  same  number  of  piles  (6) ,  but  the  pile  length  is 
0.7  n.    Fron  theae  reaolta.  It  oiay  be  aald  that  the  tao  nathoda  of  analyala 
produce  little  differenoaa,  relative  to  the  liorlaontal  dlaplaoaaiant  of  pile 
heada. 

Fig.  7-11  BhoMS  a  caaparlaon  of  the  atreaa  diatrlbtttionf  aa  dtetalnad  by  the 
two  nathoda  of  analyala.    it  can  be  aald  that  the  two  Betiioda  pvccude  great 
differenoea  with  regard  to  the  diatribution  of  atreaaea.   Bwnilnation  of  the 
dlBtrlbutlan  of  atreaaea  neaaured  In  the  In-alte  teata*  It  mqr  be  aald  that  the 
analysis  when  taking  Into  eonalderatlon  the  dl^laeeaent  of  pllea  In  relation 
to  each  other   ahoita  a  better  apprcxlaaticn. 
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a«    The  Problem  to  be  Solved  in  the  Future 

The  method  of  design  of  sheet  pile  foundations  has  been  established.     However,  this 
typo  of  foundation  can  have  a  wide  range  of  dimensions,  thus  the  design  of  the  structures 
using  the  existing  method    may  nut  be  adequate    to  cover  such  a  wide  range  ol  desiyiib  of  tte 
sheet  pile  foundations.    Studies  of  the  structural  characteristics  of  sheet  pile  foundations 
have  just  b««n  initiatad  with  an  ultiwita  viaw  of  astabliahing  battar  daaign  atandanda. 
Tha  follotring  atibjacta  of  atody  ara  baiag  oonaldaradf 
(1^  Structural  Charactarletioa  of  a  Shaat  glla  FioBPdatlon  aa  a  Onit 

<i)  Gonatruetlon  of  naehanloal  nodela  and  atudiea  of  the  theoretical  foxnulaa 
(li)  OoHiparlaon  of  tiie  thaoretloal  foxmulaa  and  the  reaulta  of  loading  teats 

(diaplacenantat  atreaaaa*  spring  oonatanta*  dasfping) 
(ill)  Bjqparinantal  investigation  of  the  ultiaata  yield  strength  and  r^pturing 
condition  (including  torsion) 
(21  characterlatica  of  sons  apedflc  Parts  of  Sheet  Pile  Foundations 
(i)  Evaluation  of  the  rigidity  of  the  joints 
(ii)  Investigations  of  the  joint  oonnectlcms  of  the  top  plates 
(3)  Cofferdam  Type 

(i)  Investigations  of  the  stresses  in  the  cofferdam 
(ii)  Investigations  of  the  weldability  and  strength  in  the  presence  of  residual 


stresses 
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Tdble  2-1  Dimensions  &  weight  of  steel  pipe  pile 
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Table  2-3 


aiiowaoK 
SS    4  1 

SS  aO 

cm  ; 

SM  50  A 

1.  axid  tcMile  itns  iaMarity 
(pwiUMCIioaim) 
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2.  axUcompiMiiaiiitiMitattniity 
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by  formulas  to  be  given  below. 
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Table  2-4 


basic  type 

section  shape 

number  of 
foundations 

treatment  of 
joint 

well  type 
pronged 
lype 

circular  oval 
oval  rectangiilar 
other 

single 
complex 

grouting  mortar 

welding 

no  tr«atment 
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TabU  3-1 


^ss^kinda  of  piles 
^>v.  groxinds 

kinds  of  ^v^,,^^ 
times  in  loading  ^-v.,^^^ 

bearing 
pUe 

friction  pile 

good  sandy 
stratum 

other 

normal 

3 

3 

4 

erarthquake 

2 

2 

3 

Table  3-2 


1>  w«U 


urn 


8 


2)  pronged 


i)  distance  bet- 

ii) distance  between 

values  smaller 

ween  each 

each  prong 

between  (1)  and 

prong  over  2. 5D 

under  2.  SD 

(2) 

(1)  same  to  2)  i) 

(2) 

6 
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Table  3-3    Composite  efficiencies 


Kinds  of 
snwT  pusB 

Treatment  of  Joint 

Composite 
eiiiciency 
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Filling  with  concrete  in  part 
of  flange  with  dowel 
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Fillini?  with  concrete  in  aU 
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H- 
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FUUikg  with  concrete  in  part 
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Welding  50  cm  part  of  joint 

0.  40 

Fixing  the  head 

0.  40 

Steel 

Grouting  mortar  and  fixing 

the  head 

0.50 

Ob 

pipe 

Fixing  the  head 

0.30 

Table  3-4 


modulus  of  deformation  of  ground  by 
ihe  following  tests  (kg/exn^) 

a 

Normal 

earthquake 

a  half  of  the  Eq  obtained  by  the  plate 
loadMg  test  using  a  30  cm  diameter 
disk 

1 

2 

the  Eq  measured  inside  a  boring  hole 

4 

8 

the  Eq  obtained  by  the  unconfined 

compression  test  or  the  triaxial 
compression  test 

4 

8 

the  Eq  estimated  by  Ef,=28Nf  the 
N-valve  obtained  by  the  standard 
penetration  test 

1 

2 
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Fig,  5-1  Cross  section  Omigawa  Bridge 
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Fig.  5-2    Soil  conditions;  Omigawa  Bridge 
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Fig.  S-S  Strain  distribution  in  part  of  pier 
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ABSTRACT 

This  pver  presents  the  details  of  nev  deification  for  Design  of  Rigbway  Bridges 
to  Resist  Earthquakes,  ecnpletsd  in  January  1971  by  the  Highway  Bridge  Comittee  of  th« 
Japan  Road  Association. 
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Introduction 

In  tho  avant  of  a  major  Minde  disastor,  highMay  netMorks  ahould  parfom  thalr  dutlas 
to  facilltata  avacuatlon,  rascua  and  racovery  oiperatioaB  with  a  tainianai  losa  of  life  and 
property.    In  such  a  caae>  bridges,  viaducts,  etc.  which  oonstitttte  important  parts  of 
highways,  would  decide  the  fate  of  each  route  of  a  highway  network.    Therefore,  the  atnic- 
tural  safety  of  theso  structures;  against  earthquakes,   are  extremely  important. 

In  1966  the  Mii^istry  of  Construction  corrjnissioned  the  Japan  Road  Association  to  draw 
up  a  new  comprehensive  specification  for  the  earthquake-resistant  design  of  highway  bridges, 
and  accordingly  provide  maximuin  protection  against  earthquakes  at  minimum  cost.     In  response 
to  the  coiGii!u.s5ion,  the  Japan  Road  Association  established  a  special  committee  to  develop 
these  new  specifications,  which  were  completed  in  January  1971.    Aie  Japan  Road  Association 
iamediately  reported  to  the  Hinistry  of  Construction*  who  then  notified  the  highway  adRdit> 
istrativa  organization  of  these  specifications.    These  specifications  were  then  issued  ks 
directives  of  the  Road  and  City  Bureau  on  standards  for  bridges  and  viaducts  in  Nardi  1971. 

ihe  directives  issued  are  aupplesients  to  Article  5  of  the  Ministry  of  Construction 
Ordinance  for  the  enforceBsnt  of  the  Soad  Structure  Ordinanea,  which  is  a  govamnantal 
ordinance.    The  legal  conditions  of  this  ordinance  is  as  follows j  The  Road  Stmctnxe  Ordin- 
ance is  in  fbrea  and  oonfoma  with  the  Road  Law.    Artiole  30  of  the  Road  Law  provides  that 
taOhnical  standards  for  bridges  and  other  principal  structures,  whidh  are  designated  by  a 
governmental  ordinance,  may  be  subjected  tO  a  governmental  ordinance.    Paragraph  1  of 
Article  35  of  the  Roeui  Structure  Ordinance  provides  that  bridges,  viaducts,  etc.,  shall 
be  constructed  of  steel  or  concrete,  of  similar  nature.     Paragraph  2  of  Article  35  provides 
the  total  design  live  loads  shall  be  20  or  14  tons,  for  bridges,  etc.     Paragraph  3  states 
that  other  matters  concerned  with  the  structural  standards  of  bridges,  etc.  shall  be  pro- 
vi.a«2d  by  a  Ministry  ot  Construction  ordinance.     Article  5  of  the  Hinistry  of  Construction 
Ordinance  for  the  enforcenant  of  the  Road  Structure  Ordinance  provides  that  teidgas,  viaducts, 
ate.  shall  bs  sufficiently  safe  against  dsad  loads,  live  loads,  wind  loads,  seisnie  effects 
and  other  loads  Which  ars  ei^ectad  to  aot  on  bridges  and  auf  cosfcination  of  loads,  ocnsider- 
ing  structural  types,  traffic  aituations,  topographical,  geological,  neteoxologieal  and 
other  conditions. 

Outline  of  Specifications  for  KarthguaKo-Kesistant  I>osigri  of  tiighway  Bridges   (January  1971) 

Since  1956,  the  aarthqaake-reslstant  design  of  highway  bridges  had  been  conducted  in 
accordanes  with  the  provisions  of  Section  13  (Section  2.9  in  the  English  version)  of 
"specifications  for  Deaign  of  Steel  Highway  Bridges"  which  %fera  issued  in  1959  by  the 
Japan  Road  Association.    Thaaa  specifications  ware  revised  In  1964  (the  English  version 
was  lss\ied  in  1968)  and  suibsequently  displaced  hf  "Specifications  tor  Highway  Bridges" 
In  197%  the  details  of  which  are  as  followsi 

(1)  The  horizontal  design  seismic  coefficient  shall  be  determined  by  Table  1. 

(2)  The  vertical  design  seismic  coefficient  shall  be  assumed  equal  to  0.10. 

(3)  Increase;?  in  the  allowable?  stresses  for  only  seisnio  forces  or  for  dead  loads  plus 
seismic  loads  shall  be  taken  as 
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70%  for  «t«el  atnietures 

50%  for  concrete  structures  end  reinforced  concrete  stuxctures 

since  the  provisions  In  ths  Section  13  were  not  oo^preillensiv«t  it  was  neeessacy  to 
draw  up  new  dstailed  specif icatlotis  wcelusiviely  for  aseisnic  design  of  highway  bridges. 
Carxjmt  'specifications  for  Earthquake-Resistant  Design  of  Highway  Bridges*  were  issued 
in  January  1971,  by  the  Japan  Road  Association,  whidi  apply  to  the  design  of  hi^^nnor 
bridges  with  spans  not  longer  tJian  200  meters  r  to  be  constructed  on  axpresawaya,  national 
highways,  prefectural  hi^ways  and  principal  nnnieipal  highways. 

Ihe  specifications  basically  require  that  seiauic  coefficient  methods  be  applied 
and  that  nethods  be  used  in  deteminlng  the  seismic  coefficients.   One  method  is  tht  conven> 
tlonal  seismic  coefficient  tedmique  that  applies  to  the  design  of  relatively  rigid  struc- 
tures.   The  other  method  is  the  modified  seismic  coefficient  technique  considering  the 
structural  response  that  applies  to  the  design  of  relatively  flexible  Structures.  The 
following  lists  the  principal  points  of  the  specifications; 

(1)  The  horizontal  design  seismic  coefficient  for  a  rigid  structure  is  determinGd  system- 
atically, depending  on  the  gecngraphicai  location  of  the  bridge  site,  the  ground  condi- 
tions at  each  sub-structure  site,  and  the  importance  of  the  bridge.     The  horizontal  de- 
sign coefficient,  for  a  flexible  structure  is  determined  as  a  function  of  the  funda- 
mental natural  period  of  ea^  structural  systn. 

(«)  In  thm  seismic  iMtefficient  metlnd   that  is  employed  for  relatively  rigid  structures « 
the  horisontal  design  seismic  coefficient  (k^}  shall  be  determined  by 

^  •  ^  ^2  Vo 

Where  > 

kj^i    horisontal  design  seismic  coefficient, 

k^i    standard  hmrisontal  design  seismic  coefficient  (^.2) , 

v^i    seismic  sone  factor, 

Vj!    ground  condition  factor, 

Vji    importance  factor. 

The  values  of  v^,      end  v^  are  shoun  in  Vables  2,  3  and  4  respectively,  the 
definitions  of  elassifieation  are  specified  in  tiie  provisions.   The  minimum  value 

of       shall  be  considered  as  0.10. 

(b)   In  the  modified  seismic  coefficient  method     considering  structural  response  that 

is  empltjyed  for  relatively  flexible  structures  such  as  a  bridge  with  highrise  piers 
higher  than  25  m  or  a  bridge  with  a  fundamental  period  longer  than  0.5  seconds, 
the  horizontal  design  seisraic  coefficient  i^if^)  shall  be  determined  by 


^»  ■  ^kh 
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ifhere  t 

jKy^t    hviaemtal  dasign  Mimlo  OMfficiant  in  the  andlflad  ««lanic  co«fflel«nt 
Mthod  coRBldarlng  struetoral  rvspoiwe 
I  ootf fici«nt  given  bjf  «q»  (1) 
i  I    a  factor  d«p«nd«nt  on  tiM  fundannital  period  of  the  bridge,  and  detained  by 

Fig.  2.    For  structures  whooa  fundenantal  periods  are  shorter  then  0.5  seconds » 
8  may  be  considered  as  1.0. 
The  mlniiDun  value  of        shall  be  0.05. 

(2)  The  vertical  design  saismic  ooaffiolmt  may  genarally  b«  considared  as  saro,  axeapt 
foe  special  portions  sotih  as  bearing  supports. 

(3)  nie  boriaontal  design  seisaie  eoaffiaient  for  stmetural  parts  •  soils  and  water  below 
tha  groimd  aorfaoa  atay  be  eooaidarad  as  saro. 

(4)  gydroj^faaaic  pressure  during  earthquakes  are  specified  in  the  specif loations. 
Xarth  prasaures  during  aarthguakas,  however *  are  speoified  in  tiie  related  pacifica- 
tions. 

(5)  Specific  attention  should  ba  paid  to  vary  soft  soil  layers  and  soil  layers  vulnttcable 
to  Uquefaetion  during  earthgueUces.  The  baaring  capacities  of  these  liyara  are  to  ba 
neglected  in  tb»  design*  in  order  to  assure  hi^  earthqoaka-resistanca  for  structures 
tiiat  are  built  in  these  layers. 

(6)  Special  atitention  should  also  be  paid  to  the  design  of  structural  details*  in 
consideration  of  the  damage  previously  experienced  to  bridge  structures,    to  this  aim 
provisions  are  spaeifiad  for  bearing  supports  and  devieea  for  preventing  bridge 
girders  from  falling. 

(7)  Increases  in  the  allowaible  stresses  of  materials  may  be  considered  in  the  earthqutike- 
raaistant  design,  magnitndas  of  inaraaaaa  for  various  natariala  ara  spaeifiad  in 
several  related  specifications #  and  the  inereasing  rataa  are  as  follqwai 


ooncrata  in  reinforced  concrete  structures »  50% 

rainforeananta  in  rainforcad  concrete  struetuxesj  50% 

structural  steal  for  suparatructurasi  70% 

structural  steal  for  auibatrueturasc  50% 

concrete  in  prestressad  oonorete  atmcturea  against 

compressive  forces: 

foundation  soils:  50% 
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Table  1.  HoHzonUil  De«l0i  Seismic  Coeffieient  (Out  of  Date) 


>v  Ground 

N,,^  Conditions* 

Regions*   

Weak 

Ordinary 

Firm 

Where  severe  earthquakes 

have  been  frequent^ 
experienced 

0. 35^0. 30 

0.30M>.20 

0. 20*0. 15 

Where  severr-  c-ar'hquakes 
have  been  occurred 

0. 30^0.  20 

0. 20'<-0.  IS 

0.15-0.10 

Other  regions 

0.20 

0.15 

0. 10 

*no  ftirther  description  on  regions  and  ground  conditions. 


Table  2.  Seismic  Zone  Factorvj  for  General  Highway  Bridges 


Zone 

Value  of  i/| 

A 

1.  00 

B 

0.85 

C 

0.70 

Note:  Refer  to  Fig.  1. 
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Table  3.  Ground  Condition  Factorv,  for  General  Highway  Bridges 


Croup 

Definitions^^ 

Value  of 

til  urouna  oi  tne  lertiary  era  or  older 
(defined  as  bedrock  hereafter) 

0.9 

1 

(2)   Diluvial  layer2)  with  depth  less  than 
10  meters  above  bedrock 

(1)  Diluvial  layer*'  with  depth  greater 
than  10  meters  above  bedrock 

l.O 

2 

(2)   Alluvial  layer^^  v.  ith  depth  less  than 
10  meters  above  bedrock 

3 

Alluvial  layer  '  with  depth  less  than 
25  meters,  which  has  soft  layer^)  with 
depth  less  than  5  meters 

t.l 

4 

Other  than  the  above 

1. 

(Kotes)  1)    Since  these  definitions  are  not  very  comprehensive,  the 
classification  of  ground  conditions  shall  be  made  with 
adequate  consideration  of  the  bridge  site. 
Depth  of  layer  indicated  here  shall  be  measured  from  the 
actual  ground  surface. 

2)  Diluvial  layer  implies  a  dense  alluvial  layer  such  as  a 
dense  san^y  layer,  gravel  layer,  or  cobble  layer. 

3)  Alluvial  layer  implies  a  new  sedimentary  layer  made  by 
a  landslide. 

4)  Soft  layer  is  defined  in  Section  3. 7  "SoU  Layer  Whose 
Bearing  Capacities  are  Neglected  in  Earthquake  Resistant 
Design". 

Table  4.    Importance  Factor  i/j  for  General  Highway  Bridges 


Group 

Definitions 

Value  of 

1 

Bridges  on  expressways  (limited-access 
highways),  general  national  highways  and 
principal  prefectural  highways. 
Important  Bridges  on  general  prefectural 
highways  and  municipal  highways. 

1.0 

n 

1  1 

O+her  than  the  above 

0.8 

Note:      The  value  of    may  be  increased  up  to  1. 25  for  special  cases 
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Fig.  2.  Factor 
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APPENDIX 


SPEODPICATIONS  FOR  EARTHQUAKE-RESISTANT  DESIGN 
OF  HIGilWAY  BRIDGES  (JANUARY  1971) 


Tentative  Ei^lish  Ventioii 


JAPAN  ROAD  ASSOCIATION 
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RWEIWORD 


The  earthquake-resistant  design  of  highway  bridges  is  currently  being  conducted  in  accordance 
with  the  provisions  of  Sectkta  13  (Swtlon  2.9  in  the  Bnglish  version)  of  the  Specifleatlom  for  Duit» 
of  Steel  Highway  Bridges.  Since  the  provisions  concerning  eartliquaks^caiMant  design  are  not  very 
comprehensive  as  slated  in  the  preface  of  the  Specifications,  the  design  is  in  many  respects  dependent 
on  the  designer's  interpretation.  Accordingly  the  results  of  the  various  designs  were  not  always 
GoniiitcaL  To  alleviate  tlxii  pioUen  it  was  neoeiaary  to  re  viae  tlie  Section  13  of  tbe  Spcciflcatioos 
mti  to  dam  vp  new  deteUed  ipecifieitiMit  cxchiiivdy  for  eirtliQualce  tetiittnt  design  of  Mglnfav 
bfidfes. 

In  response  to  the  need  for  revisions,  the  Japan  Road  AsK>cU(ion  established  the  Earthquake 
RfllJUnt  Design  SubcommitiM  Mdcr  the  Highway  Bridge  Committee  in  1966.  Between  1966  tad 
I96t  a  pielininaiy  draft  was  piepnied.  The  task  wu  taken  over  by  the  Eaithquake^eiiitant  Deajgn 
BnacM'emmittee  of  the  SpedtfcaUoiii  Saboommlttet  in  IMS,  when  the  ffighway  Bildce  Commtttoe 
was  reorganized. 

The  Subcommittee  and  the  Branch-Committee  have  seriously  attempted  to  draw  up  the  revision 
tluoa(b  surveys  of  the  available  research  work,  disciiillMlg  with  specialists  from  universities  and  other 

oiganizations,  and  trial  calculations  and  bridge  desigM  at  igveral  Stages  in  MCOfdinoe  with  the  interim 
drafts,  and  finally  completed  the  revision  of  the  Specifications  fai  1971. 

Tbe  new  Specifications  are  completed  basically  in  accordance  with  the  provisions  of  Section  13 
of  t&e  SpeciflcatioBt  for  Deaign  of  Steel  Highway  Bridgas,  and  alio  by  extensveiy  referriat  to  the 
nodii  of  recent  famstlgatlaiu  on  eardiqvafee  engbieertag.  Tlmefon  tlw  dei%n  mettradolaty  of 
SfecDn  13  of  the  current  Specifications  was  generally  traced  in  establishing  the  new  Specifications. 

la  determining  the  design  seiimic  coefficient  the  importance  factor  is  newly  considered  in 
addiSni  to  the  traditional  HKtors  such  as  zone  factor  and  ground  condition  factor.  ICoitom,  for 
bridis  whidi  have  laagaf  noNtal  parioda  the  factor  on  the  natural  periods  of  the  rtniclum  m 
coimiensd. 

Although  the  design  horiiontal  seismic  coefficient  used  to  be  0.1  to  0.35  in  the  Section  13  of 
the  GBoent  Specifications,  tlie  value  is  reduced  to  0.1  to  0.3  and  over  0.3  only  for  rare  occasions  in 
the  asm  SpecificntioM.  Thli  ia  boiad  oa  'the  naiilli  of  recent  hmatlmtloHa  that  it  atania  nan 
essfrrjt  to  pay  attention  to  soil  conditiona  ntbcir  than  to  tto  nwniitwh  of  aelimie  cotffleiantt  in 
des](2  of  bridges  against  setsnuc  forces. 

Sace  de«an  saiimic  forc«t  in  the  new  SpeelflcetiBaa  were  determined  by  referring  to  the  seismic 
liik  Bip  expected  fior  75  yean  presented  by  Dr.  Kawanuni  and  by  reflecting  the  remits  of  a  recept 
ituijr  o»  the  ntaoilaffaiilcal  data  itana  the  Kamio  Eeflbqnak*  in  1923.  atinnie  fofcas  «omid«i«d  in 
the  sem  Specificaftiom  wouM  cover  the  aevenit  eaifhqvBkea  expeilBiiead  hi  indivtdiiai  i«gionB  in 
Japn. 

Ihe  seismic  forces  would  also  oonaapend  to  thoK  due  to  (be  gieatett  etTthquakae  in  the 
HiBDsbigieil  point  «r  view. 

Ix  the  new  Spedflcadoni  the  foBowing  aipoeta  dlflbr  flom  the  prevlow  metltad. 

(1)  Vit  design  seismic  coefficients  of  a  bridge  are  determined  systematically  dependent  on 
fMgraphical  location  of  the  bridge  site,  the  ground  conditions  at  nch  sul»tructure  site,  aitd  the 
awoitUKe  of  the  bridge. 

(2)  Tie  vertical  design  aeiiaiic  coefficients  are  generally  neglected. 

(3)  rie  design  seismic  coefficients  for  structural  parts,  soils  and  water  below  the  ground  surface  are  i  ■ 

nsgiectetl 

(4)  Special  attention  u  paid  to  very  soft  soil  layers  and  soil  layers  vuinerable  to  Uquefaction  during 
euthiivakea.  Tbe  beaitag  capwittes  of  these  layers  ara  neglected  in  the  design  hi  order  to  assure 

Tiiih  earthquake-resistance  for  those  structures  which  are  constructed  in  these  layers 

(5)  t'le  design  seismic  coefficients  for  bridges  with  highrize  piers  are  determined  in  accordance  with 
se  modified  seismic  coefHcient  method  considering  structural  response,  instead  of  the  eotteen* 
Tonal  way  in  which  the  design  Kiimic  coefQdents  incieaie  with  the  height  of  the  picia. 


I 
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(i)  Spwial  atUnlion  it  alto  paid  to  the  desifn  of  structural  detaUs  in  view  of  eaxtlu)uake  damage 
pMwlmuly  ekperieaeed  to  Mdfe  atraetims.  To  tUi  «iid  provWoni  aie  apectfied  for  bearing 

supports  and  devices  for  preventing  ^'jprr';tnjr''jrr<;  frcm  falling 

AlthousJi  the  Specifications  were  developed  through  exteiuive  studies  and  discussions  of  research 
reports  ort  earthquake  en(ineerillC  fmm  UtTOUghout  the  world  as  well  as  Japan,  some  unexpected 
pnblaw  may  aiiM  wkea  tiw)r  «i*  applied  to  actual  atnictum.  BactuM  of  this  and  the  fact  that 
tecfinoloifcal  improvenwnfi  take  place  very  rapidly,  another  revision  will  Ix  r«q«iiad  in  tin  Aitui*. 

Everyone  is  urged  to  indicate  any  insufficient  |>ointS  or  to  make  any  wncttions  fOT  thc  pieiCM 
Specificatioaa,  so  that  they  may  be  improved  in  iubaequent  revisions. 

Tlw  pnaant  p«Mkation  ii  Ondtad  to  llta  provMom  wMeh  aie  ««isid«i«d  to  be  mflklant  for  tha 
design  of  bridges.  Comments  which  dcdscribc  the  basis  and  thc  app!ication  methods  of  the  provisions 
will  be  issued  immediately  after  their  completion.  They  will  be  indispensable  when  it  is  necessary  to 
revise  the  present  SpatHficatiOM  aSiin  or  n^iaii  my  paria  of  tha  pimriiiaas  an  fonnd  to  be  uncartiin 
ia  their  application. 

Dr.  BiraaU  Kanranni,  Or.  Taiitom  Teaaririnia,  and  Mr.  Tautomii  Tomlta  paiticipatetf  to  Ae 
discussiora  on  ipeelal  outteit  aa  apaeial  MMaibeia  of  the  CMniirittae.  Their  eooparatimi  it  ttttOHsf 
an»«6i>ted. 


Januaiy,  1971 

Earthquake  Resistant  Design  BranehrOomiiiittae 
Specifications  Subcommittee 
Hilkway  Bridge  Cooinitlee 

Japan  Road  Association 
3-J-3  Kasumigaseki 
Chljrodaite,  Tolcyo 
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CHAPTER  1  GENERAL 


1.1  Soop* 

tl»  ptOVbioM  in  the  Specifications  apply  to  Mithquake  resistant  design  of  highway  bridges  with 
Vtans  not  lonter  than  200  meten,  to  be  buUt  am  npnuwayt.  national  highways,  pierectural  highwayi 
and  principal  municipal  hishwayt. 

In  regard  to  matters  which  are  not  specified  herein,  the  followiac  SpedficatiOBt  lhall  be 
conformed  to,  in  accordance  with  the  type  of  the  structure  considered. 

Specifications  for  Design  of  Steel  Highway  Bridges.  Jtpea  Roid  Association 

SpedncatiOM  for  Design  of  Welded  Highway  Bridges,  i apv>  Road  Association 

Specifications  for  Design  and  ComtflMlion Of  Compoeite  BeMII  for 

Steel  Highway  Bridges.  l»P»n  Road  Association 

Speoficition  for  Design  of  Reinfoiccd  Conciele  Highway  Bridges,  Japan  Road  Association 

Specifications  for  Dc'^igr.  and  Cons'TiRlion  ot  Friction  IVPO  Joiltl 

in  Steel  Highway  Bridges  Using  High  Strength  BolU,  lepan  Road  Association 

Specffieetiom  for  Dedm  of  Substtvetnes  of  Highway  Mdgei.  f  apan  Road  Asaodatiott 


SpecfOcatlDn  for  Fnitiaaaed  Gonctete  Hgiiwaiy  Bridget, 

1.1    Definit  ions  of  Tenna 

Tlie  foUowing  definitioBs  apply  only  to  the  pronsions  of  tlwse  Specificatioas. 

(1)  EarUiquake:  A  phenomenon  with  propagation  of  vibration  dne  to  a  andden  aMuraily  occurring 

mnvcmcnt  at  a  certain  portion  inside  the  earth. 

(2)  Earthquake  Ground  Motion:  Vibration  of  ground  during  earthquakes. 

(3)  Deaiiii  Seisak  Coeffieieat:  A  coeffldMrt  iadieatiiig  tiie  napiitiide  of  oecdenlioa  to  be 
considered  for  earthquake-iealttiBt  diii|B  of  ilnictarac,  ud  exptaated  as  a  fractfaa  of  the 

acceleration  of  gravity. 

(4)  Sehmic  Coellkiciit  Method:  A  method  for  aeithqttafcefeeistant  design  to  which  satanieliametaie 
aasaned  to  act  on  stroctnies  as  static  foicaa. 

<S)    kfodilled  Sehmic  Coefficient  Method  Consideiing  Stfoetufal  Respeose:  A  method  for  earthquake 

resistant  design  which  is  developed  through  modification  of  the  seismic  coefficient  method  by 
considering  characteristics  of  earthquake  ground  motions,  dynamic  properties  of  Stmctuies,  etc. 
for  tboae  structures  with  long  fundamental  periods  of  vibration. 

(6)  Modified  Design  Seismic  Coeffieieat  Cooaidering  Structural  Response:  A  design  seismic  coefficient 
used  in  the  modified  seismic  eoefneient  method  considering  structural  response  in  which  ttie 
design  seismic  coefficient  is  dependent  on  the  fundamental  period  of  the  structure. 

(7)  Standard  Horizontal  Design  Seismic  Coefficient:  The  Horizontal  design  wismic  coefficient  which 
•ppliet  to  •  bridge  whidi  Is  located  in  a  zone  where  severe  eaithquakes  ham  fiequenlly  occiirred  or 
where  severe  earthquakes  have  a  high  potential  of  occurance,  and  which  it  oonttnictcd  in  soil 
■■yen  with  ground  conditions  corresponding  to  group  2  in  Table  4.5. 

(B)  SeisBiie  Zone  Factor:  A  factor  to  deeiease  the  horizoatei  design  seismic  coefRdent  to  eoooidance 
with  the  leagnpUcd  location  of  the  structural  site.  The  factor  hag  the  value  of  1.0  for  those  zones 
where  severe  eerthquakes  have  frequently  occurred  or  where  severe  earthquakes  have  a  high 
potential  of  occurance. 

(9)    Ground  Condition  Factor:  A  factor  to  modify  the  horizontal  design  seismic  coefficient  depending 
the  iiennd  coaditiona  of  the  stmetntd  site.  The  Cictor  it  tatended  to  unify  the  margin  of 
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■afflty  again  It  eaitbquakt  disturbances  am  oaf  itnictuna  const  nictad  in  various  ground  comUtioH, 
in  eomMmtkm  of  damage  ^viowly  nptAuMt, 

(10)  Importan  e      tor  A  factor  to nodUy  tht  lUfiloatlldMf^  Wlniik  GMflkiMttdapMdi^ 
iin{>orUnc«  of  the  structure. 

(11)  loMtta  Pom:  deduct  ef  the  w«f|U  of  An  ttraelinal  body  aadtlMMtftwinfec^^ 

(12)  Seismic  F-^rcr:  Any  for-fs  such  at  hMrtia  foiCM»  Mrth  »wllMm»  etc  to  wMeli  structures  mm 
subjected  dunng  earthquakes. 

(13)  Coefficient  of  Subgrade  Reaction:  A  coefficient  given  by  the  following  formula,  which  it  ebo 
ih»wii  to  Seetio*  1.1  of  the  Vohiow  ot  Sfntd  PomAttkm,  tha  Spepificittont  («r  DMjgit  of 
SiihrtnetanH  of  Highway  Bridget. 


wiiere 

K:  cocfficicrvt  of  subgrade  reaction  in  l(g/cin' 

p:  loading  pressures  in  kg/eat*' 

€:  dtipleceimitltocm 

(14)  Fjrthquike  Reipogn  Aiilyili:  Ab  uahnii  of  dM  dymafc  bthivlcf  of 

cvttiqualies. 


CHAPTER  2  BASIC  PRINCIPUS  FOR  EARTBQUAKE4tESISTANT  DESIGN 


(I)  The  earthqiuke-resistant  dcsiga  for  i  highway  bridge  riiall  pitrride  Mfflcient  stability  aglinit  Killllic 
dbtnrbaaoes  for  the  structure  as  a  unit  ai>d  also  for  all  parts  thereof,  including  superstructuree, 
•Dbttructures,  end  mnouadias  toil*,  considering  topographical  and  geological  conditioa*  at  tho  lito. 

(}>  The  seisrak  coefllelMt  Mdnd  biiiciMy  All  gpplir  to  IhtgulkvnkMirinMdariVi  of  nUivtly 
ligid  structures. 

(3>  Thr  modified  Minrie  ootfficictt  nMthod  oooridirinf  Mnictiiial  mvonio  Aail  twly  to  Oo 

earr^q'jBice  rF<;i<;tant  design  of  reUtively  flesibloftiuetHngwMdiiioof  lontflmdaoimtilyetiodgof 

vibration,  such  aj  bridges  with  highrise  pien. 

Tha  earthquake  reaponse  aiHlyak  Hhett  Hao  to  edopttd  tm  ihoM  Hmeoim,  fat  whldi  detallod 
investigations  are  required. 
(4)  Partladar  attentloa  shall  be  paid  to  preventing  the  fU  of  upentructures  f^om  subctructnret  due  to 

the  movements  during  earthquakes. 

When  the  design  allowing  for  partial  failures  of  the  whole  system  or  local  faHuict  of  certain 
ttnietural  memben  is  nqolftd  Oit  the  basis  of  ecoaomlcil  COnildtiHtOiM,  Iptcill  tNtiliiOB  to 
pntiatiflg  the  tall  of  mpetttmctwict  ihtll  h«  poid. 


CHAPTER  3  LOADS  AND  CONDITIONS  IN  EARTHQUAKE-RESISTANT  DESIGN 


3.1  General 

(I)  The  following  loads  shall  be  taken  tatft  leeoiHtt  to  eeithquake-iesistant  design.  The  appcofiiltio 
loods  shall  to  itltcttd  f lom  thii  liet  on  the  toaii  of  tht  loeatioa  end  the  typo  of  the  stfuctnii. 
1.  Dead  Loads 
2  Earth  Pressures 
i.  Hydraulic  Pressures 

4.  Buoyancy  or  UpHtta 

5.  BtfecttofTeMptiaMieawntt 
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6.  Effect!  of  SJuinUfe  due  to  Humidity  in  Concrete  Stnictum  (Including  Creep  EffecU) 

7.  SvinrieElbeii 

8.  Effects  of  Friction  it  Beariii(  Snpportt 

9.  Effect!  of  Consolidation  and  S«ttlnMBt«fGte«Bd 

10.  Effect!  of  MovenmMt  Of  Svppotta 

11.  OtlMrLawlt 


(2)  Combination  of  Loads 

Deagn  conditions  shaU  be  determined  considerinf  the  foUow  ng  loitr 
varioui  load*  listed  above  shall  be  decided  in  accord«nc«  with  tl 
SpMificMions  accflfdiag  to  tlie  type  of  Uia  Inidgi  cooiiduMl. 
Citt  I     Hninniin  itmwi  wfll  b*  mcptcMd  in  tlit  mmbm 
Cue  2      Maximum  reactions  wJI  be  expected  in  the  Tl  ..ndation  loik 
Cue  3     Maximum  displacements  will  be  expected  at  the  supports 
t4  TlicatnictumwiBbMaiMaitiGilcoadltiaiMdittio 


TtM  combiMtion  of 
in 


ovatamliii,  didlag,  etc. 


3.2  Seismic  Effects 
The  foUowing 
birUf*  structni*. 


fonat  ihaU  Im  IiImb  into 


I. 


2. 


4. 


Iiwiti*  totem  dw  to  tht  dead  wei^  of  dm  itmtw*:  Tlw  matiiitiid*  of  f)M  tentis  fonas 

the  product  of  the  wetsht  of  the  structure  and  the  design  seismic  coefficient.  The  design 
coefficient  shall  be  obtained  in  accordance  with  the  provisions  in  Chapter  4  "Design 
Coefficient." 

Inertia  Umu  due  to  the  superimposed  waiglit:  Tha  magnitiida  of  tin  Jaartii  foioas  shall 
product  of  the  supenruposed  weight  aid  Ihi  dad|n  aailBk  MOflklaiBiL  Tha 
coefficient  also  shall  ha  oMiiMd  !■  aceoidnea  with  ib»  pimUMis  in  Chivtar  4 

Coafflciaat." 


ofa 


ifaallb* 

seismic 
Seismic 


hatha 
laiamia 


3.3  Inertia  Forces 

(1)  Both  for  tha  aaisntic  cotfTicient  nMthod 
aHhstnctiiin  shall  ba  auldaattd  to  «hi 
Mlo«s<MlintoFi|.3.l): 


tha  aaodifiad 
fbraas  of 


saisnk  ooafficiaat  oiatbod,  bridia 


W  BniiiDiital  saismfc  fbtea  acting  on  A^.  (left  abotinaBt)  shall  ba 

Ual'^ai  Ul  


(3.1) 


laotharaNHda, 
ffjti." 


or 


H/itt    ^BL  *  laiicat  of 


fom  actfatton  P|  (Har  1)  shiO  ba 

K^A  Wat  -  0  in  tUa  case)- 

"2  +  «*t  /bl  


"0.3> 

-  (3.4) 
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Iit»qttttioa<3.4),itat  Ym  iliattntiiiy 
llat/M^-y   


(e)  HeiiMotdseiiiiricfaiicBicttngon  Ajr(ii|lU<lNitmeiit)AaUbe 

Hbk  -  **H'b  


(3.6) 


StwrtCSw.) 


Fig.  3. 1    iMrtU  Forces  of  Superatructures 


when 

fAL-      Siitic  tnction  coefficient  at  movable  suppou^/,, 
:      Static  friction  coefficient  at  movtble  aupport  . 
if4£:    Horitontal  wiimic  foice  (inertia  faice or  fiictton  forw)  actins  onitt  doa  to  Giidcr  A, 
/l^ji:    IIoriieMiliei«niefoite(iMrtiaf«re*)aet1iiKoii^,  duetoGMer  A, 

^BL'     Horironlal  seismic  force  (inertia  for^e  or  friction  force)  aciing  on/',  >1uetoGinlerB> 
■     Horizontal  seismic  force  (inertia  force)  acting  on  An  due  to  Girder  B. 

A*:  Horitoatal  design  leismic  coefricient  (in  aooontinoB  wifh  the  proviuont  in  Cliivter  4' 
"Deiign  Seismic  Coefficient":  k,,  in  equation  f4  n  for  the  seismic  coefficient  method, 
or  ki,„  in  equation  (4.2)  for  the  modtiied  seismic  coefficient  method,  shall  be 

Ral  •  Reaction  at  dtw  to  . 
^ar:    ReutionatI*!  doetoli'^, 

/^flf       Reaction  at      due  to  H'^, 

^OR'     Reaction  at  v4 it  due  to  lfa> 
Wa'.  D«aitwe«iitofGiniOT>l.aa4 

Wn  ■        Dead  weight  of  Oirdcr  B 
(2)  Inertia  forces  shall  be  assumed  to  act  at  the  cisntet  of  guvtiy  of  the  itructuic.  In  Jc^igjuug  the 
substructure,  inertia  forces  exerted  from  superstructures  may  be  assumed  to  act  at  the  level  of  the 
IMM  of  the  auppoits  in  tlw  loniitudiiial  diiection  to  the  bridge  axis,  and  at  the  level  of  the  center  of 
travily  of  (he  lupetitjiuilwea  hi  the  transiicfae  dliectioii. 

In  the  transverse  diiection  the        of  the  center  of  gmvlty  of  the  wpeiiliuctBna  mayganendly  he 
taken  as  the  lower  level  of  the  floor  slab. 
iJ)  inertia  forces  shall  be  assumed  to  come  from  two  horizontal  directions:  longitudinal  and  transvene 
to  the  bridf*  axi»,  or  parallel  and  peipendkuiai  to  the  pri«dp«t  axis  of  any  atntctuial  clemcnttof 
the  bridne. 

3.4  Earth  Pressures  dunng  Earthquakes 

Earth  pieiaaraa  during  eatthqnakea  ahail  be  determined  in  aeoordanoe  with  peatiiioaa  in  the 
Spceifteitions  fot  Detiin  of  Sabitnictitm  of  Highway  BrMgea  (See  Refetenee  I  at  the  end  of  the  BngNA 


I 
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Veidon).  TIM  hofiuiittl  Miimte  coillktoa^ 

wUh  the  ptamm  In  Saetion  4.3  «D«ai|it  Sainaie  Ctoflffldent  in  Cli*  Stbinie  CeeffleiHit  MdMd." 


9.S  Hydrodynunic  Pnonrei  during  Earthquikes 

Hydrodyiuunic  pmnint  daOat  cuthquakM  iliaU  be  determined  by  tiie  following  fomula*.  Tlie 
piMnini  riHii  be  tmmti  Co  est  In  the  nme  4 taedion  ai  Ibat  of  the  tauitla  fOKee  glmn  by  Hw 
piovisioiu  in  Section  3.3  "Inertia  Forces." 
(1)  Hydrodynemic  Prenuiu  on  WaUi 

Hydrodyoimic  pieMMM  aettit  w  one  ilda  of  a  wdttype  itfiwtuie  dudl  be  dctaimbiad  is  foOowt 

(nraftoPli.3.2): 


2 


 (3.8) 


t»  <un>  una  1 

m 

1 

nrfMMiMtalC 


wbeie 

ti  Width  of  the  wall  in  nwlct*  in  th«  perpeodicuUi  direction  to  that  of  the  pretsuta, 

A:  Depth  «f  tniar  to  meiait* 

A.:  HeigM  of  tto  lotil  bydndyninle  pfcnun  ia  meian  above  die  bottom  ^  tha  water. 
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Hi,:    Horizontal  design  leiunlc  coefricient  given  hy  the  proviskntt  in  Section  4.2  "Deii|ii 

Satemie  Goaf fktont  in  tlM  Stiiiiiic  Coefficient  Method," 
P:     Total  tydrodynamiepitiMm  in  t,  and 
Wo :   Unit  weight  of  water  in  t/m' . 
(2)  Hydf odynaolie  PicwiRS  oa  Coliuam  ^ 

HydradyniMie  pMHWM  Mtiiig  «•  a  eoUmuptype  rfncUm  mraundinB  ty  watcf  ihdl  ba 
4«(eniil«ed  at  foOom  (nter  to  P||.  US}: 


P  ^-^knWob'h  (1  for-|-i  2 


-0.9) 


—  <3.I0> 

3w<  Ground  Surface  Assumed  in  Earth^iueke  Resistant  Design 

la  «aitli4«akie  laiistani  design  tlia  baadnt  capocitica  of  cofl  layan  irhkh  an  vadfiad  in  Section  3.7 
"Son  Laren  Whon  Bearing  CapaeiHe*  ai*  NaflMtad  la  Barthqaaka  lUiialant  Daaiin"  AaU  b»  Mtfaetad. 
Ground  Mt  u  r  jr>  design  shall  be  assumed  to  be  the  level  of  the  lowar  hvmtnf  tS the  iMvlaeiad  layei,  if 
tiia  layer  extends  contiououaiy  below  the  acbial  pound  nuface. 

For  lliii  eaie  lite  M^aclad  layw  *■!    MHiiiad  to  ha«o  pM9«rtiat«r  wro  eoln^ 
of  internal  friction. 

3.7  Soil  Layers  Whose  Bearing  Capacities  are  Neglected  in  (earthquake  Resistant  Design 

(1)  Sandy  Soil  layers  Vulnerable  to  Liquefaction 

Saturated  «andy  toil  layers  which  am  within  10  metcn  below  the  actual  ground  surface,  have  • 
ataadaid  ponatntion  teal  N-vdoe  tea  than  10,  Invn  a  eoeflideat  dTtuillamlty  itai  than  6,  and  alio 

have  a  Dio-value  on  the  grsin  ivir^  ai  cumulation  curve  between  0.04  mm  and  0.5  mm,  shall  have  a 
high  potential  for  liquefaction  during  earthqualces.  Bearing  capacities  of  these  layers  shall  be 
negjeeUd  in  design. 

SatoiBled  aandy  soa  layers  which  have  8  Djo-*a^  battawn  0.004  and  0.04  mm  or  between  0.5  mm 
and  \,t  mm  may  liquefy  during  anitlitnalMa,  and  itaall  be  given  paitiCHiar  attantion.  Bittanatiaa 
whether  or  not  these  lay crs  wiil  li^Mfy  riul  to  Badt  M  aooonUnoa  With  Hm  taiilabk  inlbnutiM 

on  liquefaction  problems. 

Wbait  a  vedd  Invaalitalkm  ia  yoifanwd.  tin  pnviiloinB  In  tbiiilmnd)  in  Section  3.7  may  not  to 

required  to  apT'ly 

(2)  Cohesived  Soil  Layers  and  Silty  Soil  Layers 

Bearing  capacities  of  cotoriva  aoD  layers  and  silty  soil  layam,  whidi  are  within  3  meters  of  the  actual 
ground  aurface,  and  an  taiy  aoft  aueh  at  ttaoae  witt  Ito  eomymaion  atrengtb,  determined  by 
uneontlBed  comywiiten  testa  or  field  taala,  leaf  then  0.3  Icg/dn'  ♦  lhali  be  neglected  hi  dmign. 

(3)  Weight  of  Suil  Layers  Whose  Bearing  Capacities  are  Neglected 

Tlie  weight  of  soil  liyen  wluue  bearing  capacities  are  neglected  shall  have  surcharge  effecu  oa  the 


3.8  Buoyancy  or  Upliflt 

Buoyancy  or  uphfis  shall  be  determined  m  accordance  with  the  provisions  in  the  Specifications  fot 
Design  of  Substructures  of  Highway  Bridges  (See  Reference  2  at  the  end  of  the  Eoglish  Version). 


▼XIT-LB 


Digitized  by  Google 


CHAPTER  4  DESIGN  SEISMIC  COEFFICIEI<rr 


4.1  General 

The  doign  Mlcmie  oMfficMnt  dull  neneaiiy  be  detennincd  in  accordance  with  the  pronnom  in 
Scclton  4.7  "Deivn  Seismic  Coefficient  in  the  Seicmte  Coefficient  Method.**  For  thoee  Mdflet,  liO«fevcr, 

which  hjve  flexible  piers  and  !ong  fundamental  periods,  such  as  those  with  p:?:'  hiRher  than  25  meters 
dbuve  the  ground  surface,  tlie  design  seismic  coefficient  shall  be  determined  m  accordance  with  tlie 
provisions  in  Section  4.4  "Design  Seiimic  CMflidefit  in  the  Modified  Scimie  Coefficient  Hefhod 
Contideriog  Structanl  Reepoue." 

4.2  Design  Seismic  Cocfdcienl  in  the  Seismic  Coefficient  Method 

( 1)  The  horizontal  design  seismic  coefficient  shall  be  determined  by  the  following  fonnuia: 

kh  •  "i  "t  -»•»  ■*.  -(4.1) 

where 

ki,:    Horizontal  design  seismic  coefficient, 

ko:   The  itandiidhorisontil  design  9ei«nfccoefficieat(o  0.2). 

i»i :    Seinie  lone  factor, 

f  ] :    Ground  condition  faetoi,  and 

Vj:    Importance  factor. 

The  vahie  of  ki,  shall  be  laaaded  lo  two  decbnaiis.  The  minimum  value  of  shall  be  considered  as 
0.10.  The  values  of  factoDVi ,  and  fa  (haU  b«  obtained  by  the  provisions  in  Section  4.3  "Fafiton 
for  Modifying  the  Standard  Roilxontal  Des^  Coefficient.** 

(2)  The  vert  :  ■  il-  .  gn  seismic  coefficient,  k„  may  generally  be  coosidered  as  0.  VerticaJ  seismic  forces 
for  design  of  bearing  supports,  however,  shall  be  determined  in  accordance  with  the  provisions  in 
Sectioii  5.3  ''Vertical  Seimie  Focoeg  for  DMim  of  Cooiwetiom  between  8«pentiuctwce  and 

Substructures." 

(3)  The  horizontal  design  seismic  coefficient  may  be  considered  as  0  for  structural  parts,  soils  and  water 
below  the  assumed  ground  surface  in  design.  The  assumed  ground  surface  in  design  shall  be 
determined  in  accordance  with  the  provisioos  in  Section  3.6  '^Ground  Surface  Assumed  in 
Bartii^ualte  Reiiitant  Doign.'* 

Item  (}),  twwever,  shall  not  apply  to  widoirannd  atnictuica  audi  as  cuhctti. 

4.3  Faeton  for  Modifying  the  Standaid  Horizoatal  Dea%n  Seismic  Coefficient 

(I)  Seismic  Zone  FactOf 

Seismic  zone  factor  shaU  be  determined  in  accordance  with  Table  4.1,  in  which  the  lone 
dassificaitioa  shall  be  deiermlned  ftom  Fig.  4.1  or  Table  4.1 


Tabled.]  StismleZ«neF«Gtof i^i 


Zone 

Value  of  Vi 

A 

1.00 

B 

OJS 

c 

0.70 
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Pig.  4.  t    Srttmlc  Zoning  Map 
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(No4e) 

Table  4.2,  whicb  indicaUs  in  detail  the  leiimic  nmt  ttMOnih  the  uae  of  plaoe  naiiia.  it  omitted 
iBduEnflliliwiiim. 

<2)  GfOundCoiidilioaPBCIor 

Gnwuid  condHiim  factor  ilnll  b«  detennined  in  aecMriaoce  with  Tabto  4.3. 


Tabte  4.3  Giound  Conditioo  Factor  rs 


Graup 

DcfiRltkM«l> 

VabMofi^ 

1 

(1)  Ground  of  the  i  eiUary  era  or  older 
(daOaad    hcdmelc  hoeafler) 

(2)  Diuwial  I«yer2)  with  depth  kat  than 
10  mMen  above  bedrock 

0.9 

2 

<1)    Diluvial  layer^)  with  depth  ffMter  than 
10  meters  above  bedrock 

(2)    AUuvi&l  layer 3)  with  depih  less  than 
10  metaft  above  bedrock 

1.0 

3 

Alluvial  layer')  with  depth  lets  than  25  meters, 
which  has  loft  lay«i*>  wttb  depiii  ieaa  iban 
S  met  en 

LI 

4 

OttiT  than  the  above 

1.2 

(NOIM) 

1)  Since  theie  definftiom  an  not  very  comprehensive,  the  claadflcatiOn  of  tronnd  cooditioiw 

ihal!  he  made  with  adequate  consideration  of  the  bridge  site. 

Depth  of  layer  indicated  here  shall  be  measured  from  the  actual  ground  surface. 
3)  Dihivial  layer  hnpHee  a  denae  aUnvM  layer  eudi  ae  a  denae  sandy  layer,  grtval  layer,  or 

cobble  layer. 

3)  Alluvial  layer  implies  a  new  sedimentary  layer  made  by  a landriide. 

4)  Soft  layer  U  defined  in  Section  3.7  "SoV  Layar  Whose Bcaving Clpacitiae aie Neillected  hi 
Eatthqiiafce  Resistant  Design." 

O)  Impoftanea  Faetof 

Importance  factor  shall  be  determined  in  aecoidaiKe  with  TMe  4.4. 
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Tible  4.4  Importance  Fa 


Gpoup 

Definlttom 

Viliwafi>^ 

1 

Bridseson  expresiwiyi  (Umited-«oce» 
hjfhwa  'v  .  Kcnc:;ii  [latioiul  hi(h«w*iwl 
principat  prefecturat  hifhwayi. 
ImpQftant  BMiH  M  tMMnl  pvefeetvfd 
liWnmnMdmiuik^al  highways 

IjO 

2 

Other  than  dMibam 

0.8 

Note:  Thevalueo(vtiiuybeiiicntiMiiptol,2$fo(^ialcaMaiaOraupl. 


StmetuMI 


4.4  Deafatn  Seismle  GtaflMmt  in  tt«  ModttM  Mtank  A-Mrf,.*  iMted 

Rccpome 

UliS!"  hi  tUe  S«eti»»         .pply  ,o  the  d.,i,n  of  superstructure, 

ud  ntttiwmjif  bridles  which  have  ttexible  pier,  .nd  reUtively  long  fundimenttl  periodt. 
■JJM  MM  IB  wUeli  tta  height  of  the  «ib«»ractuxej  is  25  meters  or  mon  abow  Oaffoimd  Wifaoe  to 

a»^a'^V!T'^.S^  ^  *^  *«n  b.  wUW  toStrtiM  3.6~Gi«UHtSiate. 

Assumed  lo  B«thivniM  Reristmt  Dei^'*  ««— 

TlttO«^^  coefficients  in  this  Section  shall  be  determined  by  modifying  the  horizontal 
«rS!.  "1  ^'l^"  Coefficient  in  tbe  S«is.ie Coefficient  Method." 

bridge  stHKittt^s.  such  M  Mtonl  p«iodg,  mode  shape.  ««1  damping  cp.c.ties  of  bridge  subsSuctures. 
Shan  bo^7!!«f!.\l!!!S  I??  »lw  method  for  applying  seismic  kwU  for  tha  dea^ 

The  provision,  in  the.  SecUon  dull  Mt  iwly  Co  thd  tlM%n  9t  HvmtnietUM  df  those  bridges  in 
which  wpwttivctuiH  an  Oexibtoaad  ham  r  '  "  «■  wo»e  orwges  m 


4.4.1  Design  Seismic  Coefficient 

(1)  The  horizontal  design  seismic  coefficiMit  shaU  be  detennlnad  by  th«  toUowing  formula 

■  fkk-    •      — —   


 (4.2) 


**"  ''    rn^Zt  *•  "^fc  -""hod 

coosidering  structural  reiponse, 

Jk !      Hormntal  dedin  leiiiale  coefficient  given  by  eq.  (4.  l ).  and 

'  ?.bur;<j*F^r2'  or be«,^  ..d  oMmod 

«n.iS;;dt;.o""°"  «  0.5  .ec..  ^  m.y  ^ 

Th«  Tritw  of       shaD  be  rounded  to  two  decimals  I  he  minimum  value  of  k;,^  shall  b«  coftsidand 

8s  0-OS . 

(2)  The  vertical  desiga  seiamic  coelGcsant  afaatt  b«  provided  to  aocoidance  with  the  praviiiona  to  Itan 
(2)  of  SectiM4.2. 

(3)  The  horizontal  design  seismir  cncfficifn-  for  the  portions  below  the  assumed  pamd  mfan  to 

»b*M  be  provided  in  accordance  with  the  provisieas  to  U«a  (3)  of  Section  4.2. 
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NWHri    MMI  r  law) 
Flf.  4.a    Faetor  $  (FoFr«flirMn«r  T«hto  4.4) 


TtM*  4.S  Vahwof  t 


Group  on 

Gxouad 

Coii4iH0M 

Vilue  of /9  for  FuiuUmental  Period  T  (kcJ 

1 

a- 1.25 

for  0.5^X5  1.1 

^-  1.40/T 

for  1,1^^X^2.8 

for  X^  2.8 

2 

0-  1.25 

I.7S/T 
farl.4i:T£3J 

(l«O.SO 

3 

^3=  1.25 

for0.5^T^1.7 

0=  2.10/T 

for  1.7^X^4.2 

/J-0.50 
fori  ^4.2 

4 

/?»  1-25 

for  O.S:^T  ^2.0 

fl-2.50/X 

for  2.0^X^5.0 

<3-0.S0 
for  Xi  5.0 

(NotM) 

1)  Rrf«r«»Pl|.4.2. 

2)  R(ltetoTibte4JiqpiidiiittrattftMigmnidcoa4tHoiis. 


4j4.2  Method  forObtiintng  Fundamental  Periods 

FimdUMnUl  natural  periods  of  a  brid(e  shall  be  determined  for  the  individual  lystem  consistist  of 
««cli  iutanuefnis  «nd  flM  part  of  aHyttitnKtiina  mpvattod  by  It  nrtlMT  tkaa 

a  'A  hole 

(1)  Brvds«s  Supported  by  Spread  Foundationt  or  Pile  Foundations 

Par  those  bridges  which  are  supported  by  ^fcad  famdatioai  or  pilt  foudatloait  tha  fowidiBnitd 
peiiodt  nay  b«  obtained  from  Xable  4.6. 

Any  fonmilH  in  Table  4.6  shall  apply  to  bridies  in  wMeh  the  tevd  of  «1w  baaa  of  (be  footing  ia 

lower  than  that  of  the  as.iume<l  gruund  jurfacs  in  design  and  the  deformation  of  the  lubslnicMn  iS 

mainly  caused  by  the  clastic  flcxmai  deformation  of  the  pier  which  is  the  upper  part  of  tbe 
nbatracMres  above  the  top  of  the  footing.  Xherefore,  they  shidl  not  apply  to  bridges  in  which  Hi* 
|»«tl  «f  the  baa*  of  th«  footint  ia  higher  than  that  of  tho  aasumed  ground  SHif«c«  in  deaiin. 
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Tabk  4.6  Fundanwatal  Periods  of  Biidiei  Supported  by 
Spread  Poundations  or  Pile  Foundatiom 


iy  pe  or  SifiictMnl  Srrtem 

Direc- 

UOB 

FormtilaB  for  Fiwdamental  Periods 

Material  ofPter 

fteinforeed  Concrete 

Steel 

A  bridge  where  rooit  tuper- 
•MetuMe  en  cohUimiou; 
have  fixed  supports  (or  mova- 
bte  supports  specified  in 
)       Article  5.2. 1 )  on  most  sub- 
structure*.  and  also  hvte  rigid 
atotnenu,  to  one  of  mMcIi 

Ihe  extreme  end  of  the  super- 
Structures  is  connected  with  a 
fixed  mppoit  (See  Fl^  4  J) 

Tniis- 

verse 

(4.3) 

(4.4) 

Lengi- 

ludinal 

(4.S> 

OtlMf  than  the  ahm: 
2      For  exampte,  a  biidie  wUb 
lisnple  luppocta 

Longi- 
tudinal 

or 
Ttene- 
vetee 

(4.6) 

H  H 


Fig.  4.g  AaBiianipleaCT^lafStnwtarBiaiyBiaaiia-nHaCI 


E'.t 
I:  : 

h  : 
t  ■• 


Fundamental  period  In  second  of  the  qrttem  coariMlng  of  ■  substmctaic  and  the  section 
of  the  superstructures  which  it  supports, 
The  weight  of  the  pier  in  t. 

The  weight  Of  the  seclton  of  supentmetufes  ia  t  supiKHtid  hy  the  stthMiticliin  beh« 

considered. 

Yonni*s  modules  of  the  pier  in  ifm* . 

Moment  of  inertia  of  the  pier  in  r:*  i  fhc  direvdcm  considered. 

For  piers  with  vsiying  section  with  the  height.  I  may  b«  an  average  value. 

The  height  of  the  pier  in  «,  and 

Aficaleration  of  gravity  (  •  9,«  m/se^ ). 


I 
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(Note) 

E<j.  (4  4 » ihall  »pt»ty  to  Ihoie  bridfct  which  have  a  ratio  of  the  leii|th  between  (upporU  on  both 
abutmcnii  to  the  width  between  eutiide  girden,  less  than  appfOXilMMly  SO  (fetor  to  (/b  in  Pt|. 

(2)  Bildtei  Supported  by  OiiHMiFeintetimt 

F  r  <  >  e  1  r  dg.^  which  m  «woiMd  by  GtiiKMi  IbmAitiou.  the  AmdMMitnl  periods  nugr  be 
ot>laine4  (rom  Table  4.7. 


Type  of  Stroctunl  SyMtt 

Pimctlm 

Ponmdae  lor  Fnadnneatal  Period! 

i 

iypelliiTiblt4.« 

Trantverse 

one  of  cqt.  <0)(or(4.4),  ud  (4.7), 
whkii  |lvw  ite  iHiMt  vahM  of /I 

•0.(4.5) 

2 

Type  2  in  Table  4.6 

l^nMVMM 

one  of  cqi.  {4j6}  and  (4.7).  which  ilm 

Lonsitudinal 

the  lartest  value  of  ^ 

(Note) 


■(4.7) 


I  period  in  second  Of  the  i^aieaconriitinK  of  ■■ubetfuetun  noddle  eectlflii 
of  dH  Hpenliiwtuee  which  it  •ippMti. 
Wp:  The  weight  of  the  pier  lot, 

W^:  The  weight  of  fho  pvt  of  mpinUyctUM  ttt  t  MppottMl  by  the  nbitructtire  b«ii« 

conndeied. 

We'.  ThenMlltofthieriMoiifoindatloafait. 

h  :   The  height  of  pier  in  m, 

A  :  CroK-Kctional  ares  in  m'  at  the  base  of  the  caisson  foundation, 

ig  :   Moment  of  inertia  in  m*  at  the  base  of  the  caisson  foundation  in  the  dirtction  considered, 
Km  HoriioDttl  coefficieat  of  nbgrade  leectiOR  in  t/m*  et  the  level  of  the  bue  of  the  caisson 
fottiidithm, 

JC,  :  Vertical  co«fficient  of  subgrade  reaction  in  t/m'  at  the  base  of  the  caisson  foundation, 
Kf  :  Horiuintal  coefficient  of  subgrade  reaction  in  t/m^  for  shear  deformation  at  the  base  of 

the  cafaMa  foundation,  and 
t  i  Aec«lefetiOiiafiniviiy(«9^n/Me' X 
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tmtjf  biMie  atfitctiu*  «r  evHy  portioii  thCMof  alull  b«  daigDed  and  eomtraeted  to  resM  nbmfc 
forces  IS  provided  in  Chapter  I  thnmik  Cliapler  4  ud  to  meet  die  piovittoinfordtii|BerMi«et«ial 

details  specified  in  this  Chapter. 

Moreover,  aitenlion  shall  be  paid  to  the  following  respects 

(1)  For  those  abiitiMiits  whicb  we  constructed  is  soft  ground  layers,  the  faiara  of  tlte  ground  Uyw 
dttiiag  «artliqudKa  dial  be  checked. 

(2)  For  those  bridges  in  which  any  adjacent  substructures  have  different  ground  conditions,  different 
type  of  structural  systems,  or  different  structural  dimeosioat,  special  attention  shall  be  paid  to  the 
design  of  itiwiiinl  detafli»  ooniideriiic  lliat  fhoae  two  auhatmetiuM  iMy  mpood  diffcmilly  diiriiit 
eartbqualMB. 

(3)  For  thOM  itortkRH  mch  u  jointt  between  lupciitnictHm  and  nbihnetwcs,  comecthHu  between 

piers  and  foundations,  or  connections  between  footings  and  piles  in  pile  foundations,  where  the 
seismic  forces  may  not  be  transmitted  sutoothly  and  seismic  failure  have  been  observed  often  in  the 
pflit.  pailkidar  atlcatkM  rinll  b*  paid  to  the  dcdgn  of  atractural  deiaib,  contiderii«  accuracy  «f 
avakwtioii  oTiiouid  cooditiona,  axiataiMe  of  conatnetion  joteta.  aecwnqr  of  oonstniction,  etc 

$.2  Devices  for  Preventing  Superstructure  from  Falling 

Movable  supports  shall  have  stoppers  (^cial  devices  for  rcsistixvg  large  movements  of 
tupeiMnictww  dwint  earthqnakea)  to  peevait  tiw  anpentrnctniea  bam  faUidg  boa  Hm  Htlntnictttm, 
caused  by  the  dislocation  of  tin  lippaf  Aoca  of  tke  alwocta  bom  tiM  lowaf  ihoM  dttriot  ttiong 

earthquakes  (refer  to  S.2.1). 

For  tlia  gkdcr  cadi  oae  of  tlM  foDowtatinMliodidnllbtainployed  tamDattlMaboeMa^ 
wniUentiott. 

(1)  A  mcllrad  extending  the  lenglb  between  tlw  and  of  the  tavport  and  tbeedta  of  tbeaidMtfuct^ 

widening  the  width  of  the  crest  of  the  substructure  in  the  longitudinal  direction  to  the  bridge  axis) 
in  order  to  prevent  the  superstructures  from  falling  from  the  substructure  (refer  to  5.2.2  or  5.2. 3), 

(2)  A  method  connecting  adfacoit  giiden  on  the  substructure  to  prevent  the  superstructures  from 
fatUng  from  the  substructuaa  even  if  thay  become  dislodged  ftom  tlte  tub<tiuciuR(iefet  to  5.2.4). 

S.2.1  Storp«fattMof«MeSupponi 

The  allowaUa  movable  length  tn  Ute  design  of  stoppers  at  movable  supports  sikall  be  assumed  as  the 
sum  of  the  movement  due  to  temperature  change,  the  movement  due  to  the  defleclion  of  the  ghdet 
when  subjected  to  live  loads,  a  margin  for  covering  construction  errors.  Mid  20  nun. 

The  «b«v«^ntie«ed  pravtnon  naod  not  apply  to  Ifaote  «to»peri  which  are  not  installed  near  «» 
aupporti> 


The  hoiiaontal  design  seismic  coefficients  for  designing  stoppers  shall  be  determined  by  increasing 
Hia  horimntal  daaipi  Rimik  coeffkiaBt  ghm  by  «q.  <4.l)  or  (4.2)  by  SM  or  noie. 

5.2.2  llethod  of  Extending  the  Length  between  the  End  of  the  Support  und  the  Edge  of  the  Sub- 


For  those  substructures  v/hlch  support  the  ends  of  girder,  the  length  Sim  cm)  between  tlw  end  of 
the  support  and  the  edge  of  tile  anbatnietufe,  *dl  be  equal  to  or  men  than  tlw  vdue  glvan  by  the 
following  formulat: 


structure 


s  -  20  4  olS  r 


for  I  ^  100  m 


£  ■  30  +  0.4  f 


fori  >  100m 
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when 

S :   Length  between  the  end  «f  tilt  MppMt  md  the  «dt*  of  fh*  «lblli«etai«  in  cm,  «lld 
/  :  S|Wii  lengUi  in  meim. 
Wot  ptitlcHUri^  importmt  bridgst  eomtinctMl  ia  nft  tmmd  laye»  (Oraiip  4  ia  TtUe  4.3),  tiM 
wltM  of  S  AtB  be  cqml  to  35  OB  «r  mon. 

5.1.3  SiiqMndcd  Joints 

For  luipiiidid  joints  the  leogth  betweca  the  ends  of  giiden  didl  be  equal  to  60  en  or  utm*,  w$ 
AawB  b  Fl|.  S.1.  The  lH«th  far  flwie  bfidiei  contnieted  a  HftiioimdliyerffSiwivdiiiTiUB  4.3> 
ihill  be  eqiiil  to  70  ca  or  noft. 


5.2.4  Method  of  Co-nr.-f i'lf^  Adjacent  Giideis 

Devices  (or  connecimg  adjacent  (irden  on  substructures  shall  hare  the  movable  length  specified  in 
Section  S.2.1,  for  cues  in  which  at  leeit  oae  of  two  aipports  is  a  movable  one 

The  devkM  ibeU  be  dceigiwd  to  fotme  fieely  to  allow  the  routioii  of  the  giidet  lubjected  to  tt«e 
loadt.  for  caiet  in  wMcb  both  two  supports  are  fixed  on  one  pier. 

5.3  Veitkal  Seismic  Forces  for  Design  of  Connections  between  Superstructures  and  SubstnKtvies 

The  veftical  dedgn  aebnde  coefficient  for  (be  dedgn  of  oonnecHont  between  lupenttuctiuee  and 
substructures  shall  he  assumed  asO.IO.  When  the  vertical  design  seismic  cnefficieiltawliM Upward, Ody 
seismic  forces  shall  be  considered,  neflecting  the  effects  of  the  dead  loads. 

The  aame  vahie  of  the  vertieat  de«ll|n  aaHmle  soeffiaiBnt  ahall  b*  emptoyed  far  the  Mgn  of  any 
eeoneetiona  similar  to  llie  altove. 

5.4  Methods  for  Trumittint  Seianiie  Poreet  M  CoiiMcliDM  betwaea  Sapentfuetttiei  and  8ubatni& 
tuiet 

The  method  for  transndtting  seismfe  f ereet  at  connection  between  sopeiitfuctuies  and  substroeturas 

shall  be  as  follows: 

(1)  For  cast-in-place  reinforced  concrete  bridges,  the  means  of  transmission  uf  scjsmic  forces  shall  be 
due  to  the  bearing  pressure  between  the  (welling  at  the  base  of  the  lower  shoe  and  the  concrete  at 
the  cieat  of  the  lubstnicture.  The  concrete  portioa  near  the  base  of  the  lower  shoe  shall  resist 
seifmic  forces  as  one  body  together  with  the  pier  of  the  sabatractun.  In  (be  abonv-maationad  easea, 
thQ  means  of  transmission  of  seismic  forces  between  the  vpper  shoe  and  the  ginler  ahdl  Im  due  to 
the  anchors  fixed  on  the  upper  shoe. 

Par  a  marghi  of  s>lety»  anchot  bolti  between  the  loMver  4we  and  lhe«uNtnutui««ihalSbcdeaipicd 
In  resiat  eaismiB  forces  atone,  in  oontideraiion  of  caaaa  where  no  resistance  between  the  sweliini  at 
the  base  of  the  tower  shoe  and  the  concrete  at  the  ctaat  of  the  substructure  can  be  expected. 
The  above  method  is  recommended  not  only  for  caat-ittppiace  cancieM  bridieB, but,  if  poasMe,  aiao 
for  prefabiicatcd  coocicte  bhdgn  or  steel  bridges. 


Fig.  &.  I     I>tn^  between  the  Emia  of  both  Girder* 
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(2)  lii«M«lMftiiolMMiatiMi*(MC*<>'c«M<^wlw«iWMta4ia^^ 

traiumit  the  leismic  forces  In  these  cases  one  of  the  following  two  methods  shall  be  considered. 

(a)  A  method  in  which  a  steel  plate  with  anchor  bolts  is  fixed  fumiy  on  the  ciest  of  a  substructure 
while  concrete  is  being  placed,  and  th«>  MM  lOWtr  AM  Of  lh»  MppOtt  il  tMlM  tO  Ita  «Ml 
plat*  Afttr  the  metion  of  the  linlws. 

(b)  A  MtMlnwliiditholtltprtpan4i*heiicoiici*Mii9he*d,amppoft{iittttpit«irtli*lnil«, 
and  then  anchor  b  lrs  jr?  riveil  by  placing  cement  mortar  Into  the  hc>.  or  i  -  ctKnc!  which 
anchor  bolts  are  set  up  while  concrete  is  being  placed,  and  then  the  lower  shoe  a  fixed  on  the 
anchor  boltt. 

t3)  Anchor  bolts  used  shall  be  2S  nun  or  aoie  in  dtaaetM.  aad  tted«pttof  Uiieaac|io(b«lttnx«dil 
the  coocnte  ihaU  b«  10  time*  th«  dimeter  or  own. 

S.S  ItovlenBxpMtedtorOwnulngSeiMiiloPoicai 

When  any  devices  which  are  expected  to  decrease  seismic  force  are  employed  for  bridee  structures, 
sufficient  investigatioaa  (hall  be  conducted  on  thek  effectivenao,  and  special  atteatioft  shall  be  paid  to 


CHAPTER  6  MSCSLLANEOUS  PROVISIONS 


REFERENCE 

Refentikces  are  provided  exclusively  in  the  English  venion. 
(Reference  1] 

Specifications  (or  Daii|B  of  Svbiinictum  of  Hiiimy  Biidise 
Vbtame  fiw  Geaerai  Survey  and  Desipi 
Part  3  Design,  Chapter  2  Loads. 
Section  2.S  Earth  Pressures 

Earth  pressures  acting  on  a  wdttfuUbtHwdMllbHiM  loedlglim  by  IbofeltowlwtollHilW 
CD  NonmlEuthPteaMne 

(•>  Biiili  pumiwi  eetiag  «  •  noraMe  vaB  Aniig  noniit  tinio  rfull  be  detemM  bf  ibe 
Coulomb's  theory  as  follpm: 

1)    For  Sandy  SoiU 
'it  ■  y-KA**Kjiq 

VSi  PorCeliiiiw  Sola 

•  V-Xjdfi-KVXp  t  K^q 
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(2)  EujUh  piwwwt  duiliii  Mftto|iiilM>  thill  be  detwmlaed  by  tte  Monoaobe-Okilf  amfcod. 


H-  

AcHvi  Earth  Plmw* 


H — 

Poulv*  Eorlh  Pnnwrt 


Flf.  1     Barlli  PrMsar« 

C    •  Cohesion  of  the  soil  in  t/m'  , 

'•  Active  eaiih  pressure  cocffictent  for  Coulomb's  theory, 
Kf  :PtaiiMeu11i9tMMncMRiicieiitfiorGotdiMib*ttliiMfy, 
f^EA  ■  Active  cjTth  pressure  coefficient  during  earthquakes, 
ATfp:  Passive  earth  pressure  coefficient  during  earthquake!. 
K,   :  Earth  pressure  coefficient  at  rest. 

:  Vertical  Minnie  ooeUieieat, 
Fji  '.  Active  earth  pi«»ui«  in  t/m'  at  depth  of  X  in«t«ni 
Pp      Passive  earth  pressure  in  t.'m'  il  depth  of  JT  netCil, 
q     :  Surcharge  in  t/m^  on  ground  surface, 
X    :  Aibitaiy  depth  in  metm, 

ft    :  Angle  between  llie  around  aurf ece  tine  end  the  herinontei  line. 

y    :  Unit  weight  of  the  loif  In  t/m* , 

5      :  Angle  of  friction  between  the  wall  and  the  SoO, 

0     :  Angle  of  internal  friction  of  the  soil,  and 

9     Antle  between  the  beeic  line  of  the  wall  and  ttie  vetticid  Um. 
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(Commmtt) 

,  ITp,  KgA  ud  Kgf  m  cxpioNd  at  foUowK 

 cos^  (»  -  

V  cos  (6  -t-  0)  •  coi  (0  -  o)^ 


-  g^-  9) 


CMV.   cor*    «MV     PUj^l    ^co«(«-fl*).C(»(fl  -0)J 

where         sin  (0  t  a  -    ^  >  =  w--n  ^ta-'f0<O 

and  b  it  assumed  to  be  zero  aunng  earthquakes. 


X:^ :      Horizontal  seismic  coefficient 
k^:      Vertical  seismic  coefficient 

21 

Specifications  for  Deagn  of  Substiucturea  of  Hi^wijr  Biid|n 
Volume  for  General  Survey  and  Design 
Part  3  Design,  Chapter  2  Loads 
8ecttoii2.7  BuoyMcy  or  UpUrti 

WlMi  it » ippniiit  Oat  taoynqy  Umm  w  ^llfli  act  on  itnelMn,  Ihqr  AaUbaMlNBiato 


{Comments) 

Whan  it  is  unknowa  wtotlin  tlwy  act  or  not.  both  caiat  diall  ba  takm  into  aeeount  in  the 
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ON  SPECIFICATIONS  FOR  EARTHQUAKE-RESISTANT  DESIGN 
or  1HB  aONSKO-SHIKOiai  BRIDGES  <JSCB  1974) 

by 

islilo  Kawasaki 
DinaotOTf  Honahu-Shikoiku  Bridga  Authority 

and 

Elichi  Kurbayashi 
Chief,  Earthquake  Engineering  Research  Section 
Public  Works  Research  Institute 
Ministry  o£  Construction 


ABSTRACT 

The  following  describSS  the  general  specifications  for  earthquake  resistant  design 
Of  the  Honshu- Shikoku  Bridges*  as  developed  by  JSCE  in  1974,  after  significant  study. 


Key  ¥oxd«t    Bridges;  Earthquake  Deslgas  Earthquake  Foreesj  Specif Icatloos;  Selsaic  Provisions. 
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Introduction 

The  J^pan  society  of  civil  Engineers  issued  "^ecif Icatlons  for  BarthqiaBke-Resistant 
Design  of  the  Hanshu-shlkoku  bridges"      In  May,  1967.    The  Speoiflcationa  were  developed 
by  JSCB's  Sub^Comtittee   <Clininiant   Professor  Sluinso  okasoto),  %thlc!h  existed  for*  a 
five  year  period.    The  oosstittee  stared  in  1962  with  a  eossdssion  jointly  from  the 
Ministry  of  Construction  and  ths  Japanese  National  Railways  (ths  Japan  Railways  Oonstrue- 
tion  public  Corporation  took  over  the  woxk  of  JMR  after  March,  1964) .    In  Hay,  1970  three 
years  after  the  completion  of  the  above  Specifications  (1967),  the  Earthquake  Engineering 
Cornmitttse   (standing  CommitttiG')  of  the  JSCE  established  a  Joint  Meeting  for  Studying  Earth- 
quake-Resistant Design  of  the  HoriHhu-S'r'.ikoku  Bridqes   (Chairman:     Professor  Shunzo  Okamoto) , 
and  to  consider  future  research  needs.    The  Joint  Meeting  was  organized  in  cooperation 
with  the  regular  miO!nb«?r<!  of  the  Earthquake  Engineering  Committee,  the  staff  ncnbers  of  the 
Japan  Highway  Pubixc  Corporation,  the  Japan  Railways  Construction  Public  Corporation  and 
the  Honshu  Shikoku  Bridge  Authority  (the  Authority  was  established  in  July,  1970] ,  fuid 

ejq^rta  fron  various  organisations.    The  coRBd.ttee  attonpted  to  Isiprove  the  Specif ioations 

(2) 

(1967)  in  view  of  recent  progress  in  the  areaf  and  presented  in  JUne#  1971  •  report 
•wnarising  the  results  of  its  research  activity. 

Fttrthemore*  with  a  caanlssion  fron  the  Ronahu-Shikoku  Bridge  Authority  r  the  JSCB 
established  a  Research  sub-Cooaiittee  on  Barthquake-Resistant  Design  of  the  Bonshur'Shikoku 
Bridges  (Chaimiant    Frofeaaor  Xeisaburo  Xi^)  in  June,  1971.    The  Researdi  Sub-Coiaaittees 
diarge  was  to  amend  the  Specif ieaticns  for  Barthquake-Rssistant  Design  of  the  Honehu- 
Shlfcofcu  Bridges  (1967)  and  also  to  clarify  ths  design  procedure  details.    The  Research 
Sub-Conralttee  studies  showed  that  the  following  three  subjects  should  be  investigated 
extensively; 

1)  Evaluation  of  seismic  f orce.s--Ef f ects  of  near  earthquakes  on  structures,  effects 
of  long-period  ground  motions  and  their  uieasurinq  systems,  factors  to  be  consid- 
ered in  determining  the  magnitude  of  seisn^ic  forces,  etc. 

2)  Svaluation  of  dynamic  characteristics  of  soils  amd  foundations— 'Dynamic  character- 
istios  of  vulti-colunn  foundations  and  caisson  foundations  with  an  esphasis  in 
obtaining  a  design  procedure  based  on  dynamic  analysis  of  foundations*  investigs- 
tione  on  earthquake-resistant  design  praotioes  for  foundations,  etc. 

3}  Barthguake-iresistant  design  practices  for  bridges  with  span  length  of  200  m  or 
more  (suoh  as  suspension  bridges,  truss  bridges r  etc) . 

The  Research  Sub-oomittee  csoncluded  investigations  on  those  subjects  by  March,  1974, 
and  recently  piiblished  the  final  report^^' .    The  report  proposes  revised  Specifications 
for  Earthquake-Resistant  Design  of  the  Honshu-Shikoku  Bridges  (1974) .    Although  the  new 
Specifications   (1974)   include  the  comnicntarv  wliich  gives  additional  explanations  necessi- 
tated for  design  practices,  the  main  body  of  the  Specifications  will  be  introduced  herein. 
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Specifications  for  E«irtliquake~Basiataiit  Dasigo,  o|,  the  aooahu-ShiJwiku  Brld^»8  (JSCE-1974) 

1.  General 

1.1  Scope 

The  provisions  in  the  Specifications  apply  to  earthquaXe-resistant  design  of  the 

Honshu- Shikoku  bridges. 

1.2  Notations 

The  following  notations  are  used  in  the  Specif  ieationai 

Notation  Definition  Unit 

2 

A  lateral  cross-sectional  area  of  a  structure  m 

a  Length  of  oroM>aectlon  of  a  atructure  in  m 

tht  parallel  dirvotiom  to  that  of  aelBaio 
notion  considered 

b  Wldtii  of  cross-section  of  a  structure  in  m 

the  perpendicular  direction  to  that  of 
seismic  inotion  considered 

d  Depth  of  water  m 

b  Dsnping  ratio  m 

Design  aelsmie  coefficient 

Response  seismic  coefficient 

2 

Response  aooelexation  speotrw  m/mma 

Response  velocity  ipectnai  cut/see 

T  Natural  period  of  a  structure  see 

X  Any  depth  below  the  surface  of  water  m 

or  ground 

a  doef ficieot  dependent  on  vibrational 

nodes  of  a  structure 

6  Ooef fieient  dcqpendent  on  dtape  of  a 

foundation 

unit  weight  of  sea  water  t/t? 


Hodif icatlon  factors  necessitated  in 

obtaining  design  seismic  coefficient  from 
response  seismic  coefficient 
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2.  Earthquake  to  be  Ccmsidered  in  Design 

2.1  Earthquake  to  be  Coosiderecl  in  Design 

An  earthquake  with  tiie  following  characteristics  shall  be  considered  in  designi 

1)  Magnitude:     Large-scale   (Narr.oly  around  8  on  the  Kichter  scale) 

2)  Location:    Comparatively  far  from  the  bridge  sites  (Niunely  oft  Kii  Peninsula, 

or  off  Toea) 

3)  Frequency  t    Once  or  twice  per  one  hundred  years 

2.2  Design  Ground  Acceleration 

Ihe  MudwBB  value  of  the  design  ground  acceleration  shall  he  ISO  gals  at  the  level 
of  ttie  surface  of  ground  layers  whicti  susqport  foundations  at  the  bridge  sites. 

3.  Basic  Principle  for  gartogwike-Resistnnt  Design 
3.1  Method  of  Design  paleulation 

1)  vor  structures  whose  principal  dinensions  are  deterained  by  sane  requireaents 
other  than  those  by  earUiquake  resistant  design*  the  nodified  saisadc  ooeffi- 
cioit  nstiiod  considering  structural  response  shall  he  adopted.    The  results 
shall  generally  be  examined  through  a  dynanlc  analysis. 

2)  For  structures  whose  principal  dimensions  can  be  determined  by  requirements 
frcmt  earthquake-resistant  design,  the  structural  dimensions  shall  be  determined 
by  the  response  spectrin  method  of  dynamic  analysis.     In  such  cases  the  results 
should  be  uxamined  through  a  numerical  integration  metl^od  of  a  dynamic  analysis. 

4.  Design  by  the  Modified  Seismic  Coefficient  Method  Considering  Structural  Response 

4.1  Design  Procedure 

In  a  design,  based  on  the  Bodlfied  seiamie  ooefficient  netliod  when  considering 
structural  rasponae*  the  seisode  forces  specified  in  4.2  and  additional  effects 
^ecified  in  4.4  shall  be  taken  into  account  simultaneously. 

4.2  Seianic  Farces 

seisBic  forces  shall  be  detenHined  by  the  product  of  structural  dead  weight  and 
tiie  design  seisnic  coefficient.    The  design  seianic  ooefficient  is  provided  in  "4.3 
Design  Seisnic  Coefficient  Considering  Structural  Response." 

4.3  Design  Seisnic  Ooefficient  Considering  Structural  Response 

4.3.1  Horizontal  Response  Seismic  Coefficient 

The  horizontal  response  seismic  coefficient (K^)  shall  be  determined  from  Fig.  1. 
This  figure  was  obtained  by  assuning  the  following  conditions: 

1)  Foundations  are  constructed  directly  on  the  Tertiary  layer   (or  older)  at 
the  site  whore  tlio   surface  Quaternary   layer  is  Hhallc5W  or  none. 

2)  The  maximum  grouiid  a<;C(ilej:dtioa  for  design  is  expected  to  be  180  gals. 

4.3.2  Vertical  Response  Seismic  Coefficient 

The  Vertical  re«ponse  seisnic  ooefficient  shall  be  generally  the  half  of  the 
horizontal  response  seisnic  coefficient. 

4.3.3  Design  Seianic  Coefficient  Oonsidsring  structural  Rastponse 

The  design  seisnic  ooefficient,  considering  structural  reqponsa,  shall  be  deter- 
mined by  the  following  foenulat 
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Nlwrtt  Kq!    Design  seismic  coefficient  considering  atmotural  xeapooa^ 

X-t    Response  seismic  coefficient  (see  Pig.  1)  dapandmt  on  structural 
type  and  the  predominant  natural  period. 


V  t  Hodlf ication  faotor  dependant  on  the  naacimat  ground  aaeeleration  for 

*  design  (vi^«1.0  for  the  case  of  180  gals) 

y^i  Modification  factor  to  cover  the  influences  of  tbn  hl^r  aodes 

U^:  Modification  factor  to  aBf»ly  equivalent  uniform  seismic  loads 

u  t  Modification  factor  to  cover  the  case  where  the  direction  of  stmetural 
response  xs  perpendicular  to  that  ot  seismic  motion  applied. 

y  r  Hodlf ication  factor  to  be  adjusted  by  engineering  judgment. 


5 

The  predominant  natural  period  herein  is  the  natural  period  corresponding  to  a 

« 

vibration  mode  whose  response  (stress  or  displacement)  is  the  most  predominant  in 
respective  structural  members.    This  predominant  natural  period  does  not  necessar- 
ily coincide  with  the  fundamental  period. 
4.4    Additional  Effects  to  be  Considered  in  Design 

4.4.1  Bf facts  of  Ground  Daaotions  on  the  Structural  nevonse  and  Stresses 

In  evaluating  the  effects  of  the  surrounding  soil  on  -Uie  structural  rsqponse 
and  stresses*  ground  reactions  shall  be  taken  into  account  as  the  pcoduct  of 
Hm  struotural  diaplaosMnt  relative  to  the  ground  and  the  sparing  canetaBt  of 
the  ground. 

4.4.2  Effects  of  Surrounding  Soil  and  Water  on  structural  Response 

1)  The  suzzomiding  soil  will  effect  the  structural  rssjponse.   Therefore  tbe 
flaring  and  danping  factors  shall  be  taken  into  account.    Ihe  nass  effect  of 

the  soil,  however,  may  generally  be  neglected. 

2)  The  effects  of  water  shall  be  tciJcen  into  account  by  applying  the  virtual  or 
added  mass,  as  described  in  "5.5  Effects  of  Surrounding  Water  on  Structural 

Response" . 
5^.     Dynamic  Analysis 

5.1  Methcxis  o£  Analysis 

Tha  following  aatbcda  i/tialX  be  amployed  in  the  dynaadc  analysis  to  obtain  tlia 
structural  response. 

1)  Response  speotrust  OMthcdi   Calculate  tha  iM-rlimm  values  of  tiie  struotural 
eartiiquake  response  based  on  the  response  acceleration  apeotra  specified  in  5.3. 

2)  Himrical  intagratien  nethods   Calculate  the  tine  history  of  the  structural 
earttiquake  response  based  on  agpecific  seisnic  notions  specified  in  S.4. 

5.2  Jlpplication  of  Dynaaic  Analysis 

In  perfoming  the  earthquake-resistant  design  of  structures,  the  dynanio  analysis 
shall  be  employed  in  the  following  ways: 

1)  The  desiqn  results  obtained  by  using  the  modified  seismic  coefficient  method 

considering  structural  response  or  the  seiaodo  coefficient  nwthod  are 

exanined  by  the  dynanio  analysis. 
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2)  i!h«  raspoDM  ipeotruB  Bstiiod  of  dynamlo  analysis  ia  a^ploiyad  for  atniotnxiM 
whoflo  dlannaloa  oan  ba  aaauaad  by  nonal  loada.   Hm  atruotural  diawaaiona 
detaiSBiaad  by  this  pmcadiire  are  then  aamilaed  by  the  numarioal  Integration 
aetiiod  of  ^^rnanic  analysis. 

5.3  Besponse  Jheesleratlon  Spectrvun  for  Dyaaaic  Analysis 

The  response  acceleration  spectral  curves  shown  in  Fig.  2  shall  afiply  to  the 
response  spectrum  method  of  dynamic  analysis  spacified  in  5.1^^^ 

5.4  Seismic  Ground  Motion  for  Dynamic  Analysis 

Seismic  ground  motions  used  for  the  numerical  integration  method  of  dynamic  anal- 
(2) 

ysis  specified  in  5.1         shall  be  either  of  the  following.    The  maximum  acceleration 
shall  be  adjusted  to  180  gals  by  proportioning  the  veurioua  original  acceleration  re- 
cords* 

1}  lyploal  selsnic  rscovAs  obtained  near  the  bridge  sites 
2)  Strong  notion  records  obtainedl  at  Bl  Oentro  in  1940. 

5.5  Kffsets  of  tiie  Mass  of  the  surrounding  soil  on  tiie  Structural  lespense 

In  the  d^fnamie  analysis  of  substructures  r  ths  effects  of  tb»  nass  of  the  soil 
on  the  response       generally  negleeted. 
5*6  effects  of  Surrounding  Water  on  the  Structural  Response 

For  the  portion  of  the  structure  which  is  In  watery  the  virtual  a»ss  of  the 
water  oonvsrted  fron  the  hydrodynaiiio  pressure  shall  be  eonsidsred  by  the  foUoiflng 
fdzmila: 

Virtual  mass  (or  added  mass)  per  unit  width  at  the  depth  of  x  below  the 

water  surface  (t  see2/li2) 

coefficient  dspendMt  on  vibrstional  Mode  of  the  structure 
Coefficient  dependent  on  shspe  of  tiie  foundation 

1)  3  =  -d-rr)  for  the  caae  of  |-  <  2 
a     4a  a  s 

2)  B    r         -  ~)  fox  the  caae  of  2  <  ^  <  4 

a  lOa  s  d  s 

Unit  wel^t  of  the  aea  water  (t/te^) 
Lateral  cross-seetlonal  area  of  the  foundation 
Gravity  of  acceleration  ("9.8  si/sec  ) 

Length  of  cross-section  of  the  foundation  in  the  parallel  direction  to 

that  of  the  seismic  motion  considered  <ro) 

Width  of  cross-section  of  the  foundation  in  the  perpendicular  direction 
to  that  of  the  seisaio  notlan  oonsidered  (n) 

Depth  of  water  at  Idle  site  (») 
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5.7  Dynamic  Characteristics  of  Structures 

1)  The  Directions  of  Seismic  Motion  to  be  Considered  axe; 

Directions  of  seismic  motion  to  be  considered  in  dynamic  analysis  shall  be 
longitudinal,  transverse,  and  vexticai. 

2)  Natural  Frequencies  and  Mode  Shapes: 

The  atruetural  earthquake  response  shall  be  analysed  by  taking  into  account 
the  order  of  the  natural  frequencies  and  the  correeponding  node  shaipes.  Aiese 
conditions  are  necessary  in  order  to  dbtain  the  precise  naxlmiBi  response  in 
the  special  consideration  for  erection  and  cosipleted  construction. 

3)  Davping  ratios: 

The  doifping  ratios #  used  for  dynanic  analysis »  shall  be  deterained  in  view 
of  the  results  of  the  appropriate  investigations. 
6.    safety  oonsiderationa  in  BarthqueJce- Resistant  Design 

6.1  Factors  of  Safety  in  the  Hodified  Seisaic  Coefficient  Method  Considering 

Structtiral  Response 
6.6.1  Combination  of  Load'i 

For  superstructure:    Dead  x^ad  +  live  Load  during  earthquake  -  >_'ffects  of  tem- 


imter  pressure  -i-  buoyancy  or  v^lift     seisnic  effects 

6.1.2  increase  in  Allcwidble  Stresses  for  Steel  Superstructure 

The  Increase  in  the  allcind}le  stresses  for  steel  superstmctures  in  earthquake 
resistant  design   shall  be  as  follows: 

For  suspension  bridges  and  long-span  bridge  t  1.5 
For  bridges  other  than  the  above:  1.7 

6.1.3  Stability  of  Substructures 

(1)  Allowable  bearing  capacities  of  soil:    The  ultinate  bearing  capacity  of  soil 
shall  be  evaluated  in  accordance  with  the  Specifications  for  l>esign  of 
Substructures  of  Highway  Bridq^.s-Voliine  for  nesiifn  of  Spread  Foundations 
(issued  by  the  Japan  Road  AHKociation) .     The  minimum  values  of  the  allowable 
bearing  capacities  shall  be  obtained  by  dividing  the  ultimate  bearing 
capacities  by  the  factors  of  safety  specified  in  Table  1. 

(2)  Stability  for  Overturning 

m  norsial  design,  the  position  of  the  resultant  force  acting  on  the  founda- 
tion base  shall  be  located  within  the  odddle  third  of  the  base.    In  earth- 
qoake-resistant  design  the  force  shall  be  located  within  'die  Middle  two 
thirds  of  the  base.    Nhen  the  position  of  the  resultant  forcer  for  the 
earthquake-resistant  design,  is  outside  of  the  Biddle  tm  thirds,  stability 
and  defomation  of  ground  and  structures  shall  be  examined. 


For  substructure: 


perature  change  +  seismic  effects  +  effects  of  movements  of 

supports  +  effects  of  erection  errors. 

loads  from  superstructure  +  deal  load  *  soil  pressure  + 
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(3)  Stability  for  Sliding 

Vhe  slidlA9  reBlstanoe  at  the  foundation  base  shall  be  evaluated  in 
acooEdanoe  irlth  the  ^eclfleatlonfl  for  Design  of  siAstructuxes  of  HlghMogr 
Kidges^volusa  for  sprasd  Foondatlon  (issusd  by  the  Jnpsn  Boad  Assooiatioo) . 
Hie  fraotures  safe^  for  sliding  shall  be  pirovlded  in  Table  2. 

(4)  Displaeenent  Standards  for  Siibstructures 

DisplMsiients  of  substructures  shall  be  generally  less  than  the  dlq^laoansnt 

standards  provided  i    Tablo  3. 
6.2  Factors  of  Safety  in  the  Design  Based  on  Dynamic  Analysis 

Factors  of  Safety,  of  the  design  using  the  dynamic  analysis,  shall  be  in  accord- 
ance with  the  provisions  in  6.1. 
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Natural  F^od  (T) 


Ftg.  1.  Response  Seismic  Coefficient  Used  in  Design 
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Natural  Period  (T) 

Fig.  2.    Response  Acceleration  Spectral  Curves 
(for  maximum  acceleration  of  180 
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Direction  of 
Seismic  Moticn 


Fig.  3.  Virtual  mass  of  water 
Table  1.    Factors  of  Safety  for  Bearing  Capacities 


Construction  Manner  of  Foundation  Base 

f)ry 

Under  Water 

Normal  Design 

4.5 

E  a  rthquake-ResIatant 
Design 

2.  0 

3.0 

Table  2.  Factors  of  Safety  for  Sliding 

Construction  Manner  of  Foundation  Base 

Dry 

Under  Water 

Normal  Design 

2.0 

2.5 

Earthquake-Resistant 
Design 

1.2 

1.5 

Talile  3,  Displacement  Standards  for  Substructures 


Suspension  Bridges 

Other  Bridges 

Abutments 

Tower  Foundations 

Horizontal  displace- 
ment at  the  level  of 
ground  surface  (cm) 

Horizontal 
displacement  at 
the  Saddle  Pbsltion 

(cm) 

Rotation  at  the  tower 
base 

- 

d  *  0.  017^ 

0  »  0.  00551  2 

a  -1 

/  ;  central  span  length  (m) 
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JIBSTmCT 


Am  design  standards  for  port  stroetores  have  been  OOppiled  four  tiaes  in  Japan. 
In  these  design  standaxds*  provisiofis  on  earthquake  resistant  design  of  wharves  are 

included. 

In  1950  the'  first  design  standard  was  pid»lished,  and  in  1959  and  1967  new  design 

standards  as  an  expansion  of  preceding  one  were  compiled.  Those  desifrn  stanj^ards  were 
recognized  as  the  most  advanced  design  procedure  in  the  times  and  used  very  widely  for 
design  of  port  structures.     However,  the  standards  were  not  related  to  any  law. 

In  1973  Port  and  Harbour  Law  was  revised  and  to  secure  the  safety  in  ports  it 
was  assigned  to  establish  engineering  requirement  of  facilities    in  ports.    The  require- 
BMnt  has  been  effective  since  1974  and  the  earthquake  resistant  design  of  the  facilities 
are  specified  in  it. 


Key  Niordsi    StroetnreSf  Ports*  Harbors r  design,  specifieationst  earthqiiiakes. 
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1.  Introduction 

A  port  Is  «n  IntarooniMation  bstifMO  tr«M!porta.tlon  «iid  land  transportation 
and  is  an  essential  part  in  the  activity  of  our  modem  society.  Loss  or  even  partial 
dasHiga  of  a  portr  due  to  an  earthqaakef  eauaaa  aarieiw   Jfect  on  the  activities  Of  a  ooa- 

nunlty.    This  is  especially  true  after  a  destructive  earthc[uake,  as  tlie  port  is  required 
to  function  for  transportation  of  energeney  goods  and  Batarials  for  reconstruction  of  dam- 
aged facilities. 

During  past  earthquakes,  however,  serious  damaqe  to  port  facilities  has  been 
experienced.    For  instemce,  in  the  Niigata  earthquake  of  June  16,  1969,  which  had  a  magni- 
tude 7.5,  the  damage  to  the  port  facilities  in  the  Niigata  port  cost  22  billion  yen. 
Wharves  are  major  taciiities  in  a  port,  and  many  wharves  are  earth  retaining  structures 
such  cis  a  gravity  type  quay  wall  and  a  ahae^ile  bulkhead.    These  structures  support 
large  soil  areas  which  move  in  a  very  ooaplex  Banner  during  earthquakes,    this  is  one  of 
the  reasons  why  the  port  facilities  were  greatly  affected  hy  paet  earthquakes. 

Because  of  these  circumstances «  intensive  efforts  have  been  made  by  port  engi« 
neers  to  increase  the  aaeisaicity  of  port  facilities  f  with  a  minimM  increase  of  oonatrue- 
tion  eostf  which  was  acceptable  to  the  cosimunity. 

in  this  p«per»  the  basic  x«quir«s«nts  and  procedures  for  earthquake  resistant 
design  of  port  facilities  will  bs  presented.    It  is  %fell  known  that  e  large  variety  of 
structures  surxonndiag  a  port  exists i  however,  in  this  paper,  the  authors  will  liaiit  the 
discussion  to  sea  walls,  piers,  etc.,  and  those  types  of  structures  whicAi  exist  only  in  a 
port.    Therefore,  the  term  "port  structures"  will  mean  such  structures.     In  this  report, 
the  design  standard  means  a  compilation  of  typical  procedures  and  considerations.  Such 
standards  would  be  allowable  stresses  and  factors  of  safety  for  designing  port  structures. 
These  design  standards  have  been  published  previously  four  times  in  Japan,  and  their 
degrees  o£  restriction  to  actual  designs  differ  according  to  each  publication. 

2.  History  of  Design  Standard 

The  first  design  steuidard  for  the  port  structure  was  published  by  the  Japan  Port 
and  Harbour  Association  in  1950,  and  was  called  "Manual  of  Harbour  Construction  Work 
(Title  in  Japanese:    Kowan  Koji  Sekkei  shiho  Yoran)"^^'.     Tho  manual  consisted  of  three 
parts;  nancly  the  recoannendations  for  design  of  quay  wall.s  and  piers,  the  recoranendations 
for  planning  and  execiitiaa  of  dredging  and  fill-vqp,  and  the  reeomndatiODs  for  design  of 
breakwaters. 

m  the  reec—endatlons  for  design  of  quay  walls  and  piers,  relative  to  earthquake 
resistant  design,  insrtia  force,  eartfapressure  and  iyoamLe  water  pressure  were  considered. 
For  the  estimatian  of  tlie  earthpressure  Air£ag  sazUiqaABs,  a  fbxmula  proposed  by  Mat.suc; 
based  on  his  experimental  studr^^'  w  adoptsd.    However,  Mononobe-Ckabe's  fomul*^'^^ 
for  eartlq^ssure  during  earthquakes  was  also  explained  as  an  applicable  formula. 

The  second  design  standard  for  the  port  structure  was  published  by  the  Japan  Port 
and  Harbour  Association  in  1959,  called  "Design  Manual  for  Barbour  Construction  work 
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(Titla  in  Okpanesei  Itoran  XDjl  SekXei  Yoran)     .   m«  docmeot  has  b««»  eaXiM  tiM 
"Gtmo  Book"  by  port  «nginMra  bacaiwo  of  the  ooloz  of  tlw  oonrar. 

m  the  "Geeen  Book"  the  area  of  Japan  was  divided  into  three  regioiut  and  a  aeiaHlc 
coeffieiwit  was  specified  for  eacib  region.   The  foxnola  to  eatiaate  eartfapreasuxtt,  dnring 
eartfaquakea,  oonsiated  of  HonoDobe-okAbe**  f omnia. 

The  thixd  deaign  standard  vas  published  also  by  the  Japan  Port  and  Harbour 
Assoolation  in  1967 »  and  was  oalled  "Design  Manual  of  Harbour  structures  in  Japan  (Vitle 
in  Japanese  I  Kowan  Koeobutsu  Sekfcei  Xijun)  ^  ' .    This  design  standard  had  varlons  unique 
diaraeteristios,  in  oooiparison  to  the  previous  two  design  standards.    The  first  quality 
was  that  the  third  design  standard  presented  procedures  for  the  design  of  the  structures f 
such  that  even  a  less  experienced  engineer  could  design  the  structures  without  any  other 
textbook,  and  it  also  presented  to  the  engineers  the  background  information  on  the 
procedures.     As  a  result,  the  third  design  standard  has  become  a  publication  o£  many  pages 
and  has  the  characteristics  o£  a  specialized  textbook. 

the  second  quality  was  that  the  third  design  standard  mw  to  be  revised  regularly, 
in  order  to  introduce  results  of  the  nnst  recent  researdi  and  tedioologioal  davslopswnts. 
in  order  to  make  such  a  condition  possible  and  easier,  the  design  standard  was  ooa^led 
sneh  tiiat  any  page  could  be  replaced  by  a  newly  printed  page. 

Ihe  provisiona  in  the  third  design  standard,  regarding  eartitquake  resistant  design, 
were  presented  at  the  First  Joint  Meeting,  U.S. -Japan  Panel  on  Wind  and  Seisnlc  Effects, 
UJNR^^' ,  and  at  the  Second  Joint  Meeting  relative  to  the  oOMnents  on  the  revision  of  the 
of  the  third  design  standard 

The  third  design  standard  described  previously  was  recognized  as  the  best  pro- 
cedure at  that  time  by  the  port  angineexs.  Most  of  the  port  Structures  were  designed 
according  to  these  design  standards. 

3.      Engineering  Requiresmnt  by  Port  and  Harbour  Law 

In  197  3  the  Port  and  Harbour  Law  was  revised.     Because  o£  social  demands  on  the 
safety  o£  facilities  in  ports  amd  harbours,  the  ministry  establishad  engineering  requira- 
nents  cn  facilities  which  were  to  be  constmeted  in  ports  and  haiboure.    In  1974,  tliese 
engineering  requireaents  were  established  as  Ordinance  Mo.  30  by  the  Ministry  of  Transport, 
whidh  pceseribes  that  the  facilities  in  ports  snd  hsxbours  anist  bs  safe  against  earthquakos 
as  well  as  dead  load,  water  pressure,  wave  force,  surcharge,  iapaot  and  drag  due  to  dtips, 
etc.    However,  details  on  earthquake  resistant  design,  such  as  design  proceduires,  factors 
of  safety,  and  allowable  strsssss,  have  not  been  given  in  the  ordinance,  but  were 
specified  in  an  order  b!t  the  Director  General  of  Bureau  of  Port  and  Harbours.  Such 
a  legal  system  was  chosen  because  considerable  progress  in  sarthquake  resistant  design 
is  expected  in  the  near  future,  and  flexibility  to  revise  the  requirements  is  necessary. 

Even  in  the  order  of  the  Director  of  Bureau  of  Ports  and  Harbours  only  important 
points  are  specified.    Therefore,  it  is  recoomexided  that  the  third  design  standard  should 
be  used  as  a  supplement  to  this  order. 
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The  basic  eonaideratiaiii  of  earthquake  resistant  design  of  structures «  constructed 
Mlnly  iJi  ports*  is  the  seismic  coefficient  methodt  however,  earthquake  resistant  design 
depending  on  dynamic  analysis  is  also  acceptable. 


4.       Barthquake  Resistant  Deaiqn  in  the  Saquirement 

In  this  eeotion  the  earthquake  resistant  design,  specified  In  the  engineering  re- 
quirements* will  be  described.    Hoseverr  the  following  are  not  a  translation  of  the  pro* 
visions,  but  an  esqplanation  of  the  earthquake  resistant  design,    the  provisions  are 
available  in  the  separata  publication  . 

4.1     Design  Barthquake  Load 

1}    Earthquake  load 

The  earthquake  loads  acting  on  port  structures  should  be  calculated  by  the  followii^ 
formulas,  where  the  most  severe  conditions  should  be  chosen. 

i)     Earthquake  load  =  Dead  load  x  Seinmic  coefficient 
ii)    Earthquake  load  ~  (Dead  load  ■•■  Surcharge)  x  Seismic  coefficient 

Bie  seisttio  ooefficiwfc  is  defined  in  the  next  paragraph. 

2)    Seismic  coefficient 

The  seismic  cmefficioit  should  be  calculated  by  ths  following  formula,  taking 
regional  selsmicity,  foundation  soil  and  ijqportance  of  the  structure  into  consideration. 

seismic  eoeffioient  -  Regional  seismic  coefficient  x  Pactor  for  sdbsoil  condition  x 


In  general  the  earthquake  load  is  applied  horizontally  at  the  center  of  gravity  of  the 
structure.    The  earthquake  load  in  the  vertical  direction  is  not  considered,  with  the 
exception  of  those  special  structures  which  are  influenced  by  a  vertical  load.  The 
seismic  coefficient  should  be  calculated  to  two  dccirr.al  places,  whtre  the  last  digit  is 
set  equal  to  0.1,  if  equal  to  or  greater  them  0.08j  if  the  digit  is  between  0.07  and 
0.03  set  the  value  equal  to  0.05. 

3)    Regional  seismic  coefficient 

Standard  values  of  the  regional  seismic  coefficient  are  tabulated  in  Table  1.  The 
seismic  ooef f icient  in  a  region  which  is  not  descrlbsd  in  Table  1  is  determined  consider- 
ing seisnieity  of  Vob  region  and  the  regional  seismic  ooef f icients  in  the  neighboring 
regions  as  given  in  Table  1. 

rig.  1  shews  the  regional  seismic  coefficient  and  Fig.  2  the  ei^eeted  maxinuni 
acoeleraticn  of  earthquakes  in  the  next  75  years  eatimated  by  Kawasumi. 


laiportance  factor 
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4}    Factor  for  fttdasoil  condition 

Ihie  standard  valua  of  tha  factor  for  sobaoil  eonditioa  gdiould  ba  datara Inad  aa 
ahoNn  In  TRbla  2, 

the  cLaaaiflcation  of  tlia  aidbaoil  condition  alioiild  ba  aaaigaad  aa  ahown  ia  Tabla  3,  oonn 
sidarlng  the  idiicknaaa  of  the  quaternary  deposit  and  tiia  kind  of  aiAaoil. 

5)    Factor  depending  on  liqportanoa  of  atruetura 

Tha  Btandazd  value  of  th*  factor  ralativa  to  tha  Iffportanoa  of  tha  atruetura 
tfiouUL  ba  dataninad  by  Table  4. 

4.2     Bartiiprasaura  in  an  Earthqaaka 

Lateral  earthj^asura  of  sandy  aoil  in  earthqnakaa  is  oospitad  by  ualng  MononOba- 
(]kaba*a  fonaila  ahidh  ia  derived  froa  Coulosb'a  formila  by  statically  aifplying  tte  earth- 
qpake  load  to  the  aoil  naaa  in  qyeation.   For  horisontal  ground  surfaeet  tha  focmla  is 
aa  ahown  in  (Fig*  2). 

2 

aharof  p  t  intenaity  of  lateral  earttvreaaura  in  earttiqpMkea  {t/m  ) 
w  t  intensity  of  unif<tta  load  OS  tiM  ground  aurfaoa  (t/n?) 

k  t  seismic  coefficient 

^  :  angle  of  internal  friction  of  aandy  soil  (*} 
for  general  case  ...30° 
for  particularly  good  backfill  ...40° 
Y  8  xinit  weight  of  soil  (t/ra^);  buoyed  unit  weight  should  be  used  below  water 
level  and  the  following  are  the  standards: 
above  «at«:  table  ia  baakfiU  ...1.8t^^ 
belov  water  tid^e  in  batikfUl  »«*l*Ot/k^ 
h  I  depth  txvm  the  gvound  aurfaoe  (m) 
K  :  coefficient  of  lateral  earth^aaaure 
y  t  angle  between  wall  aurfaee  and  tha  vertical  (*) 
«  I  angle  of  friction  betweeo  aoil  and  waU  (*}|  uaually  |i|  15* 
8  t  angle  given  by  tha  following  eguationaj  6"tan'^  k  or  6»tan~^' 
C  t  angle  between  failure  aurfaoa  and  horison  (*}  , 
In  Eqs.   (2)  and  (3),  upper  signs  are  for  active  and  passive  earthpressure  for 
typical  values  of  ii  and  6  arc  shown  in  Figs.  4  and  5  rospectively . 

For  backfill,   in  layers   (w  +  Y  h)   in  Eq.    (1),  these  terms  should  be  replaced  by 
the  vertical  effective  stress.     Below  the  water  table  the  apparent  seismic  coefficient 
should  be  used.     In  calculation  of  the  vertical  effective  stress  the  bouyed  unit  weight 
of  aoil  is  used,  this  causes  a  analler  eatlnation  of  the  earthqualce  load  acting  on  the 
aoil  wmaB,  since  the  weic^t  of  soil  naaa  in  tha  air  should  ba  aultlpliad  by  the  saianic 
coefficient.    The  apparent  aaiaaic  coefficient  oaa(p«iaatea  tSbm  difference.    The  apparent 
aeianic  coefficient  ia  given  by  the  following  equation. 

k'  -.yTli   It   C4) 

where f  k*>  apparent  aeiaBlc  coefficient 

y*  t  unit  weight  of  aaturated  soil  (t/mh 
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4.3.    Dynanlc  Watar  Prsssure 

Idi9i4  wall-  and  oolmn-lika  atructuras  facing  tha  watar  ara  daaignad  by  taking  the 
d^fnaitic  watar  ereaaiire  into  oonalderatioa.    Honaver,  tha  atruotore  ia  retaining  soil  and 
tha  aarthipcesaure  ia  calculated  by  Mononobe-Okabe'a  fonmla  with  tha  apparent  aelsnic 
ooaffiaiant,  uliara  the  dynaaic  tiater  j^aauxa  la  not  eonaidarad  in  ttaa  daalgn  ealeula- 
tlon.    The  raaaona  for  lAia  aaauaption  arat  first,  tAian  tha  apparent  aeisBic  coefficient 
is  appllad  f ov  tiia  aarthpvaaaura  calculation  tha  inertia  fotea  dna  to  pora-watar  haa 
already  been  ccnaidered.   Alao  ei^erioica  frcn  atructural  parfonaanea  during  paat 
aactliqaalcaa  do  net  indicate  the  naeeaal^  to  oonaidar  the  dynandc  water  preeaure  acting 
on  tha  face  of  tha  earth  aupporting  atructuraa* 

4*4*    Allowable  Stresses 

Allowable  stresses  of  the  nateriais  are  detemir.ed  as  shown  in  Tables  5  through  9. 
Allowable  stress  of  tie  rods  nust  be  equal  to  or  below  40  percent    of  the  certified 
yielding  stress. 

Allowable  stresses  of  steel  and  concrete,  for  short  period  load  such  as  earthquake 
load,  may  be  equal  to  or  smaller  than  1.5  times  of  the  allowable  stresses  in  normal 
oonditlon. 

4.S.   Barthquaka  Beaiatant  Dealgn  Baaed  upon  Special  Stiidy 

Hban  tha  aaiaBie  ooaf  f  iciont  ia  datemiined  f c«n  conaideration  of  a  survey  on 
aaiaadoi^  of  tha  region,  and  froM  tha  diaraotariatica  of  earthquake  notion  and 
reaponsa  characteristics  of  the  ground  against  earthqpiakeSf  the  requlrenent  described  in 
4.1  need  not  be  applied  to  design. 

When  the  earthquake  reaistant  design  is  confizned  by  oonaidaration  of  the  dynanio 
eharaetariatics  of  the  structure  and  the  investigation  on  the  response  analysis  for  the 
structure  against  earthquakes,  the  requirement  described  in  4.1  need  not  be  applied. 

It  is  advised  that  in  case  of  necessity  the  earthquake  resistant  design  is  con- 
firmed by  the  consideration  of  the  dynamic  characteristics  of  the  structure  and  the 
investigation  on  the  response  analysis  against  earthquake. 

4.6    Structures  Other  Thar.  Port  Stru;;tures 

Structures  other  than  port  structures  are  normally  designed  by  the  design  standards 
established  for  each  type  of  structure. 

1)  Design  Specifications  for  Steel  Highway  Bridges,  established  by  the  Japan  Road  Associa- 
tion, Bay  be  applied  to  tha  earthquake  reaistant  design  of  the  highway  bridges, 

2)  Design  spacifioationa  for  steel  Railway  Bridgea  by  the  Japan  Society  of  Civil 
Bnglnaara  or  Design  S^if Icatlona  for  Civil  Bngineering  Facilities   astabliahad  by  tha 
Japan  Railway  Facility  Aaaoeiation  nay  be  aipplied  to  tha  earthquake  reaistant  design  of 
the  railway  luridgea. 
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3)  On  the  caitiiquakc  icaistaiiL  iesicjti  of  the  pipe  line  for  transporting  awSr,  fluid 
and  gaseous  materials  as  petroleum,  Fire  Service  Law,  Oil  Pipelines  Enterprise  Lav 

or  High  Pmsura  Gas  Contcol  Law  and  regulations  asfcablishod  to  si^plamant  tliasv  1mm  t 
wasf  be  applied. 

4)  On  the  earttiqiuke  resistant  design  of  the  buildings/  Building  Standard  Law  and 
regulations  established  to  supplemaftt  the  law  nay  be  applied. 

5.    future  Folloif^uip 

In  this  report  the  earthquake  resistant  design  designated  by  the  Port  and  Harbour 
La«r»  has  been  presented.    Many  nev  types  of  structures  are  going  to  be  coostrueted 
on  or  off-tiwire  and  the  social  demands  for  envinniBental  consideration  of  such  structures 
have  been  incnceasing.    Because  of  such  circuastanceSf  revision  of  the  Design  Manual  of 
Harbour  structures  in  J^an  has  been  undertaken,    itie  rationalisatim  of  earthquake 
resistant  design  will  be  achieved  by  this  raviaion. 
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ClM«lflc«ck0A 

Regional 
seismic 

First  region 

Hokkaido  (Nemuro,  Kushiro,  Hldaka) 
Kanto  (Chlba,  Tokyo,  Ran«igaim) 
Chubu  (SblsuokA,  Alchi) 
Klnki 

0.15 

> 

8«eoad  x«glon 

Hokkaido  (Isblkarl,  Iburi* 

Shirlbaidil,  UyM, 
OihtttA*  SuBOl) 

Tohoku 

Chubu  (NHgaca,  foyana,  labllum, 

Fukui) 

Shlkoku 

Cbugoku  (ToCtori.  Okayaaa, 
Hiroablaa). 

0.10 

Third  region 

Hokkaido  (Soya,  Abaahlri) 
Chugoku  (Shimane,  YaoMguchl) 
Khushu,  Okinawa  (F^ikuoka,  Saga, 

Nagasaki.  KuMMOtOt  KafloahiMi 

Okinawa) 

0.05 

Tabl«  1  Ragleoal  Misai«  eoaf ficlant 


Fig.  1.     Regional  seismic 

coefficient  for  porC 
•txocturaa 


fig*  2*    Expect  an  cy  of  nivrlmum  accel- 
aratlon  of  earthquakes  In 
75  jaara  In  gala  (ACfcar 


I 
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Classification 

ist  kind 

2nd  kind 

3rd  kind 

F«ctgr 

0.8 

1.0 

1.2 

TtblM  2  factor  for  nibBoil  condleion 


Ihickneas  of  quaternary 

deposit 

Gravel 

Sand  or  clay 

Soft  ground 

less  than  5  m 

IsL  kind 

IsC  kind 

2nd  kind 

5  -  25  tt 

lat  kind 

2ad  kind 

3rd  kind 

■ore  than  25  m 

2nd  Vine 

3rd  kind 

3rd  kind 

Tflbla  3  ClasBiflcatloit  of  atibaoil  oondltion 


Claulflcatlon 
of  stTttctor* 

unaracLcriSLXCs  oe  scruc^ure 

Importance 
factor 

Special 

class 

The  structure  has  significant  character- 
istics described  by  items  of  (1)  -  (3) 

i  1.  A  class 

1 .5 

A  daas 

(1)  If  tlia  etmeture  la  daoaged  by  an 

earthquake,  a  large  number  of  human 
life  and  property  will  possibly  be  lost. 

(2)  The  atructure  will  perform  an  ' 
iaportant  role  on  the  reconetxuction. 
wotIc  of  the  region  after  an  earthqiudce 

(3)  The  structure  handles  a  hazardous 
or  a  dangerous  object*  and  It  is  feared 
that  the  daaage  on  the  atructure  will 
cause  a  great  loaa  of  hman  life  or 
property. 

(A)    If  the  structure  is  damaged, 
economical  and  aocial  activity  of  the 
region  will  be  severely  suffered. 
(5)     If  the  structure  Is  damaged,  it 
is  supposed  that  the  repair  work  of 
it  la  conaideraibly  difficult. 

1.2 

Classification 
of  structure 

Charaeteriatica  of  atructure 

ln|>ort.nnce 
factor 

B  class 

The  structure  is  other  than  Special, 
A  and  C  classes. 

1.0 

C  daas 

The  atructure  la  aull  and  eaay  for 
repairment,  exceptlof  that  In  Special 

and  A  class. 

0.5 

Table  4    Factors  dspeoding  on  importance  of  atructure 
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Wg.  3.    Earthpressure  acting  on  a  vertical  wall 

p=-(w+7.||)K   (I) 

K=  cos'(  ^±y-g  )   

COS*  .  co.*f  ccC^-hf  ±*  )  C  i±,/^^^^^n^  ......(  3  ) 


cotC-+  tan ( ±P )  +  .ec Ct±i±f  j/iosC^P  +  ^i^  )  s.n^^ 

cos  V  s  in  t  ^-^^  ) 


where;  p  :  intensity  of  latpral  earthpressure  in  earthquakes  (t/m2) 
w  :  Intensity  of  unitorm  load  on  the  ground  surface  (t/m2) 
k  t  aalantc  eocfflcltnt 

4  i  angle  of  Intamal  friction  of  sandy  aotl  (') 

for  gtnoral  ease  ...jo* 

for  particularly  good  backfill  ...40* 
r  :  unit  wight  of  «oU  (t/«3,  fc^y        ^i^^  ^ 

aa«l  beloir  water  level  and  the  folloiiiiig  are  the  standard*  t 

above  water  table  in  backfill  ...1.8t/a3 

below  water  table  in  backfill  ...1.0t/m3 
h  :  depth  from  the  ground  surface  (m) 
K  :  coefficient  of  lateral  earthpressure 
f  :  aagle  between  wall  surface  and  the  vertical  (') 

*  t  angle  of  friction  between  soil  and  wall  (•);  usually  (a  |  15» 

*  s  angU  given  by  the  folloving  equations ;tf-tan-l  k  ortf  -tan-^k' 
C  t  «gle  beeneen  failure  serf  ace  and  horlson  (•) 
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Fig.  4«     Coefficient  of  active  earthpressure 
by  Mononobe-Okabe ' s  formila 


Kind  of  stress 

SS  41,  SH  41 
SHA  41 

SS  50 

SM  SO 

Axial  tensile 
stress 

(for  net   se  ct  i  on ) 

1,400 

1.700 

1,900 

Axial  coaptesslve 

stress 
(for  gross 
section) 

Is  Affective 

buckling  length 
(cm) 
r:  radius  of 

gyration  for 
gross  section 
(cm) 

(a)  1^20,  1.400 
<b)  20<|<M 

1,400-8.4(^-20) 

(c)  93^f 

12,000.000 

(a)  |:^I7  WOO 

(b)  l7<f<W 

1,700-11.3(|  -17) 

(c)  86^f 
12.000.000 

(a)  ^^15  1,900 

(b)  15<f<0O 

1,900- 13(  |-  15) 

(c)  80:^^ 
12.000.000 

5,700+  (^/r>» 

5,000+ (4?/r  7 

Bending  BCxess 

(1)  tensile  stress 
for  net  section 

(2)  compressive 

stress  for 
gross  section 

1.400 

1.700 

1.900 

Shearing  stMSS 
(for  gross 
section) 

800 

1,000 

1.100 

(unit   :  kR/cra2) 


Table  5   Allowable  stresses  of  structural  steel 
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Kl«id  of  sereas 

SS  41,  SM  41 
S1I4  41.  STR  41 

SM  SO,  8TK  50 

Axial  tensile  stress 
(for  net  sectioo) 

1,400 

1,900 

Axial  compressive  stress 

(for  gross  section) 

Sana  aa  ahcwn  in  Tabla-5 

Cc:rblnatlon  of  axial 
CGopressive  force  and 
bmdlns  iMaent 

'ba  ~ 

Shearing  stvaaa 

(1)  with  stiff ener 

(2)  without  stiffener 
(l/t^O) 

R/t<125 
800-0. 019 (R/t)2 

200>R/t>125 
7S,0O0/(R/t)-9O 

500 

Ryt<95 
1, 100-0. 044(»/t)2 

200>R/t>95 
757000/ (B/t)'^ 

600 

(unit  :  kg/cm^) 


Notation   9  c  '•  compreaaive  atraaa  of  axial  eonpceaalva  fotca 

"  t)c  '■  compressl've  atreaa  of  bending  ooaent 

•  cj  :  allowable  axial  compressive  stress 

'b»  '•  allowable  bending  conpressive  stress  shovm  In  Table-5 
It  :  outer  radius  of  steel  pile  (en) 
t  :  thickness  of  steel  pile  (cm) 

Table  6  Allowable  stresses  of  steel  pile  natecials 


Kind  of  steel  material 

Allowable  stress 

SY  24 
ST  30 
St  40 

1,400 
1,800 
2,400 

(unit  :  kg/en^) 
TiAla  7  Alloirsibla  atraaaaa  of  ateel  aheetpila  aatariala 


Kind  of  xelnferciag  bars 

SK  24 

SR  30 

SD  24 

SD  30 

SD  3S 

SD  40 

Tensile  stress 

l.AOO 

1,600 

1,400 

1,800 

2,000 

2,100 

Tensile  stress  for 
1  fatleue  loading 

1.400 

1.600 

1,400 

1.600 

1,800 

1.800 

(unit  :  kg/ca^) 

Nation  1)  Diameter  of  bars  la  laaa  than  32  mm 

2)  When  design  standard  strength    ^ck  Is  leaa  thMl  ISO  kg/cB^ 
deformed  bars      asa^^*^^^  kg/cm^ 
round  bara  1*200  fcg/cn^ 

table  8  Altowitbla  CaMlle  atreaa  of  taiaforelng  baxa  o^^^ 
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( 

/ 

t 

f 

— ^ 

r 

/ 

-1 

1 

8 

9 


i\ 

en  o 
w  <u 
<d 

&  u 

ill. 

C 

dJ  c 
o  o 


Kind  of 
•eres* 


Item 


reinforced  concrete 


180    240  1  300 


Plain  eoBcretft 


Flexural 

compressive 

stress 


««s^!^^ 


55 


Shearing 
stress 


beam 
slab 


6 
8 


%2  only  sheer  force 


17 


8 

10 


20 


22 


Bond  stress 


round  bars 
deformed  bars 


7 
14 


8 
16 


9 
18 


Flexural 

tensile 

stress 


'es 


7  ' 


'ck  ;  design  standard  compreslve  strength 

t  design  standard  tensile  strength 
'ea  s  allowable  stress 

t  allowable  shearing  stress  without  caleoletlon  of 

diagonal  tension  bara 
^a2  :  allowable  shearing  stress  with  calculaclon  of  diagonal 
tension  bars 


Table  9  Allflwsihle  ■trcescg  of  eeneicce 
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JSCS  SPECIPICATIGNS  FOR  EARTHQUAKE  RESISTAMT  DESIGN 
OF  SUBMERGED  TUNNELS  (1975) 


by 

Eiichi  Kuribayashi 
Chief*  Earthquaike  Enginaering  Besearch  Section 
Public  Works  ReeeArdi  Institute 
Ministry  of  Oonstructlon 

and 


Hajime  Tsuchida 
Chief,  Earthquake  Resistant  Structure  Laboratory 
Port  and  Harbor  Rasearch  Institute 
Ministry  of  Transpoirt 


ABSTRIiCT 

In  response  to  the  request  from  Ministry  of  Construction  and  Ministn/  of  Trans}--ort, 
the  Japan  Society  ot  Civil  Engineers  has  concluded  in  March  1975  the  final  draft  ot  the 
Specifications  for  Earthquake  Resistant  Design  of  Submerged  Tunnels.    The  writers  of  this 
paper  liav«  itorked  on  the  drafting  of  these  Specifioations  in  cooperation  with  oolleaiguies 
of        Public  Nbrks  RBsearcli  Institute  and  Port  and  Kazbor  Rsseardh  Institute  during  the 
last  four  years. 

Hie  draft  of  the  Specifications  was  adopted  as  Specifications  for  Earthquake  Resistant 
Design  of  the  Proposed  Tunnel  across  Hblyo  Bay.    This  paper  presents  the  principal  provi- 
sions and  articles  of  the  draft  of  the  Specifications *  and  contains  the  following  five 
chapters}  6eneral»  Investlgatlonr  Earthquake  Resistant  Design^  Dynanlc  Analyses «  and 
Preservation  and  Countanneasure  in  Earthquakes. 


Key  Motds:    Aseismic  Design  Criteria;  Design  Provisions;  Earthquakes;  Specifications; 

Structural  Engineering;  Tunnels* 
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Foreword 

The  Committee  of  Earthquake  Resistant  Design  criteria  for  Submerged  Tunnels,  chaired 
tuf  Pzofaraor  fiinnso  Ohnstoi  wmm  Mtabllihad  by  the  Japan  Society  of  Civil  BnginMr*  unter 
a  oontrmet  with  tiM  Pdbllc  WnrkB  RaaMroh  Instltutet  MinlBtry  of  Gonstructlon  in  Julyr  1971. 
the  contract  hod  bean  sqntorted  by  the  Institute  in  addition  to  The  Second  Oonstruction 
Buveau  fcr  Pert  and  Baxber,  mniatry  of  Tranaport  alnoa  1972. 

Sinoe  the  initiation  of  tiiia  woxk,  the  ooiMittea  baa  nat  nina  tiaaa  with  tha  Bvb 
OoMdttaat  lAo  drafted  tba  apaeifiaationa  and  have  net  forty^four  tiaaa.   niroa^  1971  to 
1972,  tha  dynamiia  behavior  of  avBiBerged  tunnela  ma  axaninadr  and  than  the  pcoviaiona  of 
tlie  e^eificatioaa  were  drafted  on  the  bases  of  tbeae  results. 

Prior  to  develcping  the  specifications,  the  application  of  earthquake  engineering  and 
design  practices  to  submerged  tunxMla  both  in  Japan  and  jdoroad,  and  the  general  observation 
of  submerged  tijnr?:ls  during  earthquakes  were  comprehensively  studied.    The  Committtc,  liow- 
ever,  adopted  the  final  resolution  as  a  draft  to  the  Specifications  with  due  considercttion 
that  lack  of  sufficient  examples  of  design  applications  existed.     This  draft  will  attempt 
to  establish  a  meaningful  specification  for  the  future  and  thus  provide  needed  experience 
on  their  application  of  earthquake  resistant  design. 

She  aafety  and  steibility  of  the  submerged  tunnels  are  Ijiportant  and  therefore,  the 
akaleton  of  the  aipecificatien  draft  ahould  be  applied  toward  the  design  and  construction  of 
tunnels  with  care,   the  draft  will#  however,  be  an  important  guide  in  the  construction  and 
the  design  of  tunnels. 

Finallyr  the  aaajbars  of  the  coaaiittee  whi^  participated  in  the  draft  of  the  specifi- 
cations included  the  Ministry  of  Construction,  tb»  Ministry  of  Tran^ort,  and  the  de^ 
of  tbm  OoBittee  of  Japan  Socie^  of  Civil  Ingineera.    iheir  cooperation  is  deeply 
lyppreciatad. 


VIll-57 


Digitized  by  Google 


Chapter  I  G«n«ral 

1.1  Scope 

dw  proviBiana  in  the  Specification  apply  to  earthquake  ceaiatattt  design  of  subaerged 
tonnels. 

1.2  CQuforiiation  to  Specifications 

In  regard  to  Hatters  which  are  not  specified  herein,  the  folloving  SpecificatlonB 
shall  apply  in  accordance  with  the  types  of  structures  and  facilities  considered. 
Standard  specif ioations  of  Concrete, 

Japan  Society  of  Civil  Engineers 
Specifications  for  Design  and  Construction  of  Prestressed  CODCzete« 

Japan  Society  of  Civil  Enqineers 
Specifications  for  Earthquake  Resistant  Design  of  Civil  Engineering  Structures, 

Japan  Society  of  Civil  Engineers 
Specifications  for  Earthquake  Kesistant  Design  of  Highway  Bridges  (January,  i97i) , 

Japan  Road  Association 
Design  Standard  On  Seianic  Bffort  for  Fort  and  Harbor  Structures, 

Port  and  Hazbor  Jkssociatlcn  of  Ji^pan 
(Inifom  Building  Code, 

1.3  Definitions  of  Terms 

The  following  definitions  shall  apply  only  to  the  provisions  of  these  Specifications. 
Submerged  Tunnel i  A  total  atruetural  aystasi  idildi  are  oooipoaed  of  suhmerged  structures, 

flipproaches  and  ventilation  toMsrs. 
sufaaiergied  structure f  A  portion  of  the  tunnel  «l)lch  is  under  water  on  a  water  table,  ihoaa 

portions  are. eonBtrueted  in  the  following  sequence. 

latt    Ihe  elenanta  are  fabricated  in  yards  or  docks 

2ndt    The  elenents  are  floated  and  towed  to  the  oonatruotion  site. 

3rdt    The  elements  are  placed  on  a  trench  prepared  along  the  site. 

4th:    "ChG  elenents  are  connected  together  under  the  water  tables. 

5th:    Over-all  elements  are  covered  with  rock  and  soil. 
Approach;  Under-qround  structures  or  exposed  structures  which  lead  from  the  submerged 

structure  tn  airial  portions. 
Ventilation  tower;  A  structure  whicli  is  located  at  thy  intar.titfdidte  portion  of  the  tunnel 

for  the  purpose  of  construction  and  ventilation  of  the  tunnel. 
Seismic  DefonaatiaB  Method;  a  method  for  earthquake  resistant  design  of  the  tunnel,  in 

lAich  the  ground  displacements   at  the   level  of  an  axis  of  the  tunnel   are  assisoed 

to  apply  seismic  effects  to  the  submerged  structure. 
(Tiourtaen  additional  taims,  other  than  above,  are  herein  omitted). 
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Chapter  2  Investigation 

2.1  General 

For  eiir ttitjuakti  rtiaistiXtit  desiyu  of  a  aubsiextjeJ  Lujiiiel,  detail  ir.ves Ligations  shall  be 
made  on  earthquakes  and  earthquake  ground  motions;  geology  and  soils;  materials^  and  types 
and  dfttailfl  of  struoturei  presarvmtioR  and  oountBr-neasurea  In  Mrthqaakesi  and  a 
post-eaztfaquake  inspection  program. 

2.2  Investigation  of  Earthquakes  and  Earthquake  Ground  Motions 

2.2.1  Earthquakes 

Investigation  on  earthquakes  are  presently  being  conducted  in  order  to  collect  data 
on  seismic  activity  in  an  area  of  a  proposed  submerged  tunnel  site.     The  data  will  be 
utilized  for  earthquake  resistant  design  and  for  preservation  and  counter-measures  in 
earthquakes. 

2.2.2  Earthquake  Ground  Motions 

Field  observations  on  eartliquake  around  motioni;  are  being  conducted  in  order  to  ob- 
tain data  necessary  to  estinate  earthquake  response  of  soil  strata  and  structures. 
Such  estimations  shall  be  taken  into  consideration  for  earthquake  resistant  designs 
and  on  preservation  and  counter-measures  in  earthquakes . 

2.3  Investigation  of  Geology  and  Soils 

2.3.1  GMieral 

Investigation  on  geology  and  soils  in  relationship  to  easthguake  resistant  design 
is  divided  into  tam  categoriesi  (1)  preliainary  Investtgation  and  <2)  site  investiga- 
tion.   The  preliminary  investigation  is  required  in  order  to  collect  information  on 
geology  and  soils  in  the  tunnel  locality,  precedinq  the  site  investigation  for  making 

the  site  investigation  efficient  and  effective.  The  site  investigation  is  conducted 
in  order  to  obtain  all  the  necessary  data  for  design  and  construction  of  a  submerged 
tunnel. 

2.3.2  Preliminary  Investigation 

In  the  prelirrinary  investigation  the  following  information  shall  be  collectedt 

1)  Topographic  map;  also  submarine  topographic  map  when  it  is  necessary 

2)  Geological  map 

3)  Soil  profile 
4}  Soil  map 

5)  Boring  log 

2.3.3  Site  Investigation 

In  conducting  the  site  investigation,  the  follow-Liuj  items  should  be  determined; 
possible  structural  types  of  a  submerged  tunnel,  soil  condition,  and  other  related 

factors,    m  considering  these  itens  the  following  viewpoints  shall  be  made  of  the 
site  investigation. 
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1)  Data  necessaxy  for  determination  of  design  aartbcpuUMS 

2)  Data  necessary  for  structural  design 

3)  Data  necessary  for  examination  of  stability  of  soils  during  earthquakes 

Items  that  are  included  in  site  investigations  depend  on  the  proposed  tunne;  howevez* 
the  following  items  shall  be  included  in  the  site  investigation. 

1)  Boring,  sounding  (normally  standard  penetration  tests),  and  saaipling 

2)  Lsboratozy  tmim  of  sanplM 

3)  HMWunmnt  of  soiaHio  wava  valooltlaa  with  bozi^la*. 

4)  MaaauraMnt  of  danai^  of  aoila 

5)  Hlccotraaor  dbaarvatlon 

2.3.4  Test  Procedures 

Field  and  laboratoxy  taats  ahall  be  conducted  in  acoozdance  with  prooeduzes  speci- 
fied in  the  Japan  Induatzial  Staodazda  oe  the  Standazd  Specifloationa  of  the  japanaaa 
Society  of  Soil  Maohaniea  and  Foundation  Bngineazing. 

2.3.5  Configuration  and  Depth  of  Base-rock 

In  the  aitu  investigation  con£iguration  and  depth  of  base-rock  surface  shall  be 
surveyed,    the  base-rock  surface  means  an  interface  between  base-rock  and  surface 
layer. 

2.4  Investigation  of  the  Engineering  Property  of  the  Soil  and  Surface  Layer 

2.4.1  Engineering  Property  of  the  Soil  and  of  the  Suzface  Layer 

The  following  aze  tbe  inpoztant  pxopeztiea  to  be  oonaidezed  foz  eaztbquake  zaaiatant 

design. 

1)  Density 

2)  Elastic  moduli;  Young's  modulus  and  shear  modulus 

3)  Poisson's  ratio 

4)  Strength  paraMtezs;  angle  of  inteznal  friotioin  and  eolieaian 

5)  Ooeffloient  of  s«togzada  zaaotion 

6)  Stzangtb  of  soils  nndsz  dynamic  loading 

7)  Velocities  of  seiaaiio  watvasf  velocity  of  longitudinal  waves  and  velocity  of 

transverse  waves 

8)  Dynamic  characteristics  of  subground 

These  properties  shall  be  determined  directly  by  observation  or  tests.    Only  when  it 
is  very  difficult  to  be  obtained  directly,  the  properties  can  be  dotermined  indirectly 
using  the  results  from  standard  penetration  tests  or  other  observation  tests. 

2.4.2  Strength  of  Soils  under  Dyneunic  Loading 

Dynamic  strength-test  of  solls«  to  examine  the  soil  bahavioz  undez  dynamic  loadingi 
is  desirable. 

2*4.3  Measurement  of  Velocities  of  Seismic  Nttvms 

Velocities  of  seismic  waves  shall  be  measured  at  the  pzcposed  tunnel  site. 
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2.4.4  Measurement  of  Microtremor 

For  estimation  of  the  dynamic  characteristics  of  the  surface  layer,  at  the  tunnel 
site,  microtrcmors  shall  be  measured  and  analysed. 

2.4.5  Damping  Factor  of  the  Surface  Layer 

Damping  factors  of  surface  layer,  which  are  applied  in  the  earthquake  response 
calculations  and  dynarr.ic  inodel  teats  shall  be  carefully  determined  based  on  results 
of  field  and  laboratory  tests. 

2.4.6  Properties  and  strain  of  the  Soil 

Properties  of  the  soil  and  surface  layer,  such  as  elastic  moduli,  velocities  of 
seismic  waves,  and  dampinq  factor,  depend  of  tho  strain  in  tVift  soil.     The  difference 
between  the  strain  in  the  soil  under  tent  or  observation     and  the  strain  in  the  soil 
expected  durinq  earthquakes    shall  be  considered  when  the  properties  are  used  in 
earthquake  resistant  design. 

2.5  Groimd  Failure 

A  submerged  tunnel  is  supported  by  the  surrounding  soil  which  is  usually  soft,  and 
thus  the  stability  of  a  submerged  tunnel  depends  largely  on  the  behavior  of  the  ground 
durinq  earthquakes.     Engineers  concerned  with  the  design  and  construction  of  a  submerged 
tunnel  shall  have  appropriate  knowledge  of  the  ground  failure  due  to  earthquakes. 

2.6  Seismic  Stability  of  the  Soils 

2.6.1  Stability  of  SmSV  Soil 

Liquefaotion  of  soils  around  a  subnerged  tunnel  shall  be  avoided.   When  the  soil 
is  estinated  to  liquefy  during  earthquakes   the  soil  shall  be  Inproved.  Liquefaction 
potential  shall  be  enained  based  on  liquefaction  case  records  froii  past  earthquakes 
and  resttlta  of  reeearoh  on  liquefaction. 

2.6.2  Stability  of  a  Cohesive  Soil 

Hhen  soil  at  a  tunnel  site  is  cohesive,  it  shall  be  checked  such  tiiat  a  change  in 
the  soil  strength  and  defomation  due  to  earthqpiake  will  never  affect  the  stability 
of  a  submerged  tunnel. 

2.7  Investigation  of  the  Materials  and  Structural  Types 

Relative  to  nateri<^.s#  types  and  details  of  a  svdbnerged  tunnel,  tests  and  investiga- 
tlms  diall  be  conducted  on  the  folloiring; 

1)  Structural  concrete 

2)  Structural  stocl 

3)  Watert ightne-H.s  of  elements 

4)  TypcG  and  materials  of  the  joints 

5)  Types  of  foundations 

6)  Preparation  o£  trench  bottom  »nd  backfilling 
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2,8  InvGati.'jation  of  the  Preservation  and  Proper  Countermeasures  in  Earthquakes 

For  tho  preservation  and  countermeasures  of  tunnels  in  earthquakes,  traffic  control 
systems  of  the  tunnel  shaii  be  examined,  and  the  interaction  of  the  function  among  these 
systems  shall  be  sufficiently  considered. 

Chapter  3      Earthquake  Baaiatant  Daaign 

3.1  General  Principle 

Evezy  partial  structural  ayaten  atiall  be  daalgned  by  tbe  aeianie  dafoxtoutlon  aethod 
and  the  aeianlc  coefficient  In  accordance  wltii  the  provtaloiis  in  Chapter  3  *Barttiquake 

Resistant  Design".    Also  the  total  structural  system  shall  be  designed  by  ualng  the  reaulta 

of  the  dynamic  response  analysis  with  regard  to  the  influence  of  the  surrounding  topogrt^ihy 

and  geology'  in  accordance  with  the  provisions  in  Chapter  4  "Dynamic  Analysis". 

Equi|:nent  shall  he  provided  for  earthquake  control  and  examination,   and  shall  be  used 
in  acctjrdance  with  the  provisions  in  the  Chapter  5  "Preservation  and  Countermeasvures  for 
Earthquakes". 

3.2  Design  Requirements 

1)  Not  only  tl'ic  submerged  structure  but  also  the  total  structural  system,  including 
the  effects  of  the  surrounding  topoqraphy  and  qeology,  shall  be  designed  to  provide 
sufficient  stability  against  seismic  disturbances. 

2)  Every  structural  system  of  the  submerged  tunnel  shall  be  designed  in  accordance 
with  the  displacements  of  the  surrounding  ground  during  earthquakes  and  design 
seismic  coefficienta.    The  structural  system  shall  be  designed  and  the  results 
examined  by  the  d^rnanio  reaponae  analyses. 

3)  The  atxuctaral  ayaten  In  which  the  rigidly  ctaangea.  I.e.  jolnta,  hlngea  and  other 
parts  r  shall  be  designed  with  regard  to  'Oie  effeote  the  eSiange  In  rigidity  has  on 
the  systen  and  aelaalc  realatance  of  the  submerged  tunnel. 

4)  ror  the  preservation  and  oountemaasures  of  the  tunnel  during  earthqoidceSf  the 
reliability  of  the  opsration  of  the  systens  of  the  sUbnarged  struoture,  the  aeproadly 
the  ventilation  tower  and  other  equipment  shall  be  consldszed. 

3.3  Loadings  and  other  Conditions  in  the  Barthqpiafce  Resistant  Design 

3.3.1  General 

1)  She  following  Loadings  and  conditions  shall  be  taken  into  account  in  earthquake 


resistant  design.  Ths  Jtppro^late  Loadings  shall  be  selected  fron  this  list  on 
the  basis  of  the  lecetion  and  the  type  of  the  structure. 

a)  Dead  Loads 

b)  Earth  Preaaurea 

c)  hydrostatic  Preasures 

d)  Buoyanpy-  or  Oplift 

e)  Live  Loads 

f)  Effects  of  Consolidation  and  Settlenent  of  the  SUb-gsound 

g)  Effects  of  Tenpexature  Change 
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h)  Bf teetB  of  Shriiiluiga  duM  t»  Hunidity  in  Concrete  Stnaetuses 

i)  OtlMr  loading*  (Tidal  Mavea,  ate*) 

2)  She  following  soisaie  affaeta  ahall  be  taken  into  account  in  eartliquake  resiatant 
daaign. 

•)  QUplaeettent  of  the  Bub-9xound  or  atruoturaa   in  aarOiqaakas 

b)  Inertia  foxcea  due  to  the  dead  weight  of  the  atxuctnre 

c)  Earth  pressurea  in  aarthquakea 

d)  Hydrodynamlc  presauraa  in  earthguakiaa 

3)  Combination  of  Txjads 

Design  conditions  shall  be  dcterminod  considering  the  loading  conditions  a) 
through  h) ,   given  in  the  preceding  article    (1)    and   in  addition  the  loading. 

effects  h)  and  i)    In  accordance  with  the  site  conditions. 

3.3.2  Ground  Displacement  in  Earthquakes 

1)  The  displacements  of  the  subsurface  ground  in  which  the  submerged  tunnel  is 
embedded  shall  be  determined  in  accordance  with  the  provisions  given  in  Section 
3.4.2.1  "Ground  Displacement  in  Earthquake  Resistant  Design".     "The  ground 
Displacement  for  the  design  of  submerged  structures  shall  be  taken  as  the 
ground  displdcamcnt  at  the  level  of  the  longitudinal  axis  of  the  structure. 

2)  The  plane  where  the  ground  displacements  are  applied,  shall  be  taken  as  the 
horizontal  and  the  vertical  plane  on  the  axia  reapectively. 

3.3.3  Inertia  Forces  (omitted) 

3*3*4  Barth  Preaaurea  due  to  Barth^iakea  (oadtted) 

3.3.5  Hydrodynamlc  Pressures  due  to  Earthquakes  (ondttedl 

3.3.6  Soil  Layers  Hhere  the  Bearing  Capacities  are  Neglected  in 

Bartihquake  Bealatant  Deaiqn  (onittad) 

3.4  Design  Earthquake  Ground  Motion 

3.4.1  General 

1)  The  ground  Displacement  and  the  design  seismic  coefficient  shall  be  taken  into 
account  in  the  design  of  the  submerged  tunnel 

2)  The  submerged  structure  shall  be  designed  by  the  seismic  deformation  method  and 
the  seismic  coefficient  method. 

3)  Ventilation  towers  and  other  structures  can  be  designed  by  the  seismic  coeffi- 
cient nethod. 

3.4.2  Design  Eeurthquake  Ground  Notion 

3.4.2.1  Ground  oisplaeenent  in  the  Earthquake  Reeiatant  Design 

The  ground  displacement,  in  the  earthquake  resistant  deaign,  shall  be  evaluated 
on  the  basis  of  the  ground  displacement  considering  the  nature  of  the  eartbgiMke 
ground  motions  and  the  soil  conditions. 
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3.4.2.2  Rase  Rock  Accelerations  in  Earthquake  Resistant  Design 

1)  The  horizontal  base  rock  acceleration,  in  earthqv:ake  resistant  design,  shall 
be  evaluated  in  azcord.ir.r-e  with  the  intensity  of  the  earthquakes  at  the 
construction  site  and  the  importance  of  the  submerged  tunnels. 

2]  The  vertical  base  rock  acceleration,  in  earthquake  resistant  design,  shall  be 
taken  as  one  half  of  the  horizontal  base  rock  accelerations. 


3.4.2.3  DMign  Selsnie  Coeffioient  In  tha  O^Bnle  CO*ffJ:cl«nt  Hatfaod  (ooittad) 

3.5  Barthquak«  Resistant  Dssign  of  Siibni«rg«d  Strvcturss 

3.5.1  General 

The  submerged  structure  shall  be  principally  designed  by  the  seismic  deformation 
■athad.    Howsvax,  th*  s«ismla  coefficient  nsthod  can  be  applied  to  the  design  of  the 
transverse  tunnel  sections  and  the  exaDination  of  possibility  of  the  sliding  of  tbm 
auibnerged  tunnel. 

3.5.2  Seismic  Deformation  Method 

The  submerged  structure  shall  be  designed  xn  accordance  with  the  Seismic  Uefonnation 
Method. 

3.5.3  Seismic  Coefficient  Method  (omitted) 

3.6  Bartiiquake  Resistant  Design  of  Vantilation  Tower 

3.6.1  General 

The  earthgiaake  resistant  design  of  the  ventilation  tower  shall  provide  appropriate 
stability  against  aeisalc  distuxbanoes  for  tlw  total  atmotoral  ^fstan  of  the  svfemaxged 
tismel,  considering  the  conditions  fbr  the  connection  vltb  the  siteerged  istructore. 

3.6.2  Bartliquaka  Haaistant  Design  of  tb«  Ventilation  Tiower 

Iha  vantilaticn  tomr  can  faa  designed  by  the  seismic  coefficient  nethod.    She  design 
seisnic  coefficient,  in  the  seisnic  coefficient  Method,  thall  be  detexained  in  accxwd- 
ance  with  the  provisions  in  Section. 

3.4.2.3  "Design  Seismic  Coefficient  in  the  Seismic  Coefficient  Method" 


The  directions  of  the  inertia  forces  and  the  design  method  shall  be  determinGd 
in  accordance  with  the  provisions  in  individual  related  Specifications,  according 
to  the  type  of  the  ventilation  tower  considered  and  the  conditions  of  the  construc- 
tion site. 


3.8  Stability  of  Subgrounds 
3.8.1  General 

The  stability  of  the  grouivd  around  the  submerged  structure  shall  be  evaluated. 
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3.7  Earthquake  Resistant  Design  of  Approaches 


3.7.1  General 


(oBitted) 


3.7.2  Earthquake  Resistant  Design  of  Xn^KMch 


(ondtted) 


3.8.2  Stability  Analysis  of  Ground 

Thtt  Stability  of  the  ground  can  be  analysed  by  the  seismic  coefficient  aethod 
assuming  a  slip  plane.    Also  the  submerged  etruoture  shall  be  analyzed  to  avoid  the 
critical  damages  due  to  the  ground  displacement  evaluated  by  the  c^amic  analyses. 

3.B.3  Stability  of  the  Soil-use  fox  Submerged  Structure  Fill 

1)  Liqoafaotlon 

A  soil  whi^  is  prone  to  liguefactloo  during  earthquakes    shall  not  b«  used  for 

soil  fill    for  svdbmsrgsd  structures.    The  estimate  of  liquefation    shall  be 
evaluated  in  accordsnos  with  the  provisions  given  in  section  2.6.1  "Stabiltiy  of 

Sandy  Soils". 

2)  Examination  of  Sliding 

The  stability  of  the  sliding  of  submerged  structures  in  the  transverse  direction 
shall  be  analyzed  in  accordance  with  the  provisions  in  Section  3.5  "Earthquake 
Resistant  Design  of  Submerged  Structure". 

3.9  Allowable  Stresses 

3.9.1  GenMAl 

Ilie  allowable  stresses  of  the  materialSr  and  the  Increase  of  the  allowable  stresses 
for  earthquake  resistant  design  shall  be  detexninad  in  accordanoa  with  the  structural 
types  and  the  importemce  of  the  structures. 

The  stresses  shall  be  required  to  be  based  on  the  various  Specifications 
and  the  consideration  of  the  assuiaptions  in  the  design  and  the  procedure  and  operation 
in  the  construction. 

3*9.2  Allowable  Stresses  of  Concrete 

1)  The  allowable  stresses  of  concrete,  for  use  in  submerged  tunnels,  shall  coafczB 

to  the  provisions  specified  in  the  followingt 
Standard  SpeciTications  of  Concrete, 
Japan  ScicLety  of  Civil  Er.gineers 

2)  The  allowable  stress  o£  s;oncrete  placed  in  water    shall  be  determined  on  the 
basis  of  experintents  of  simulated  field  conditions,  because  of  the  lack  of 
reliability  of  tha  uniform  quality  of  the  concrete* 

3.9.3  Allowable  Stress  of  Steel 

1)  Th«  alXowal;le  str«s8  of  Steel    u««id  for  submenjed  tunnels  ah&ll  conform  to  tha 
provisions  specified  in  the  following  Specifications. 
rax  reinforcing  Bars; 
Standard  specifications  of  concrete. 


Japan  Society  of  Civil  Bnglneers 
For  Structural  Stesl,  BKcept  for  ftelnforcing  Bars; 
Standard  specifications  for  Highway  Bridges r  Part  of  steel  Bridges* 
Road  Association 
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2)  In  the  case  of  ndnor  cracking  of  tlis  caiier«tef  thm  ■llombla  tensll*  »tr«as«s 
shall  fa*  daaigtiatad  in  aoeordanea  with  tlie  effect  of  oracdcing  of  conerata. 

3.9.4  Incraasa  In  thm  Allowabla  Strassas  in  tha  Sartbqnaka  Raalatant  Daalgn 

1)  Ostt  of  the  allONable  atreaaea  apecified  in  the  provlslona  of  the  Section  3.9.2 
"Allowable  Streaaea  of  Concrete"  and  the  Section  3.9.3  "AlloMable  Streaaea  of 
Steal*  f  the  Incraaaa  of  tiie  allonabla  streaaea  shall  be  allOMed  in  acoocdanoe 
with  the  follotring  oooblnation  of  loadingar 


Table  3.3 

Oonlbination  of  Loading  Limitation  of  Increase  of 

Allowable  Stress 

Ordinary  lead  +  Bacthqiiaka 
Loading 

Ordinary  Load  +  Effect  of  Temp, 

Change  +  Shrinkage  +  earthquake  65% 
Lpufling 

Note)  In  this  table,  the  fundamental  allowable  tensile  stress  shcdl  , 

cmfosM  to  the  provlslcos  of  Ssotion  3.9.2  "AHombXa  Stresses  of 
Steel". 


2)  If  the  provisions  of  the  Section  3.9.1  *'Alla%fsble  Stresses  of  Ooocrete"  and 
the  section  3.9.3  "Allowable  streaaea  of  steal"  are  not  uaad  in  tflie  evaluatlMn 
of  the  gross  allcwbla  strength  of  the  section  of  the  structoral  nanbsr*  the 
alloMafale  streaaea  fb>r  ordinecy  eoadl^lona  and  aeiaale  conditions  or  the  sef e^ 
factor  shall  bs  dstemlnsd  on  the  basis  of  ths  eiqperlmnts  or  eqiaivalent 


3.10  Barthqaoks  Assistant  Design  In  Detail 

3.10.1  General  (oidtted) 

3.10.2  Attadhad  stzuctura  (onittad) 

3.10.3  Pile  Foundation  (omitted) 
3.1014  Ventilation  tornr  (onittad} 

Chapter  4      pynaadc  Analyala  . 

4.1  General 

Vhe  dynamic  analyala  for  the  design  of  a  sufaaierged  tunnel  Is  divided  into  the  dynandLo 
analysis  for  the  partial  structural  syatsm  and  the  dynonlc  analysis  for  the  total  structural 
system. 

4.2  Barthquake  sesponae  Analysis 

4.2.1  General 

The  earthquake  response  analyala  for  the  submerged  tunnel    shall  be  conducted  for 
the  ijidividual  itans  of  the  atruotoxal  system,  such  as  tlw  surrounding  ground,  tha 

VIll-66 


Digitized  by  Google 


subnerged  structvire  and  the  ventilation  tower,  in  addition  to  the  total  structural 
system.     The  analysis  shal 1  c^onsider  the  dynamics  of  the  soil-structure  interaction  and 
the  characteristics  of  eariiiquake  ground  ."notions  by  using  the  method  which  can  simulate 
the  dynamic  response  of  the  submerged  tunnel  as  close  as  possible. 

4.2.2  Method  of  Earthquake  Response  Analysis 

ThG  earthquake  response  aoaXysis   can  be  conducted  by  using  one  of  the  following 

two  methods. 

(A)  method  using  the  averaged  response  spectrum, 

(B)  method  using  the  original  record  of  earthquake  notimis* 

4.2.3  Mechanical  Model 

The  mechanical  model,  for  the  earthqueJce  response  analysis,  shall  be  individually 

designated  to  represent  such  structural  systems  as  the  ground,  the  submerged  structure* 
the  ventilation  tower  and  the  submerged  tunnel  of  the  total  system  and  taking  into 
account  if  necessary  the  effects  of  the  existence  of  the  water.     The  dynamic  properties 
of  the  grour.d,  sue:;  as  natural  period,  vibration  mcde ,  damping  characteristics  and  tiie 
dynaaiic  characteristics  of  the  submerged  structure  and  the  ctttached  structuces,  and 
tha  djfnmiB  interaction  aaang  the  ground  and  tha  structures  shall  be  taken  into 
account  in  raprssenting  nachanical  moda. 

4.2.4  Input  Earthquake  Motion 

The  input  earthquake  ground  motion  shall  be  designated  by  the  ndximum  acceleration 
and  the  characteristics  specified  in  the  provisions  of  Chapter  2  "Investigation". 
The  input  earthquake  ground  motion  shall  be  applied  to  the  beise  rock. 

4.3  Dynamic  Modal  Test  (omitted) 

4.4  oasignation  of  safe^  (onitted) 
Chaptar  5      Prasarvation  and  oounte rawasures  in  Barthquakaa 

5.1  Ganaral 

For  tlM  purpose  of  presarvation  and  countaraaasuras  in  aarthquakes,  aarthquaka 
aqpiijaant  shall  be  installad  in  the  sulMiergad  tunnal.    Hie  security  and  the  stability  of 
the  turnnal  are  guarantaad  cooiplataXy  by  using  the  equipnent  and  also  oondvteting  Inspections. 

5.2  Preserving  Equipment 

For  the  puxpoea  of  the  preservation  and  countaxmeasures  in  earthquakes r  tha  following 
equipment  Shall  be  installed.  This  equipment  shall  be  guaranteed  to  have  nooMl  operation 
during  earthquakes  and  have  periodical  inspections. 

1)  Sensor,  recorder  and  system  of  notification  for  earthquake  ground  motion 

2}  Sensor^  recorder  and  system  of  notification  for  the  level  of  tidal  wave  and  tsunami 

3)  Traffic  control  system  during  and  after  eartiiquake 

4>  SensoCf  recorder  and  system  of  notification  for  settlement  and  spill  water 
5)  System  for  evacuation  and  induction 
6}  Bnergen^  power  plant 
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7)  Syatan  for  iMpection  of  traffic 

8)  DraiMigs  unA  «y«t«a  of  pxotactlan  for  ingndafcion 

9)  OOiftr  (atrain-MtBTr  strttaa-flMtaXr  ate) 

5.3  PxiMexvlng  O^ration 

^  Mploylng  the  praaarvln?  aquiiMBanta,  tlM  countarnaaaura  for  tlM  aaouri^  of  traffic 
and  tlia  aafaty  of  tha  atrttotura  ahall  ha  appllad  in  aoeoedanea  with  tha  Intttoaity  of  aarth- 
quakaa  at  tha  location  of  tha  twinal. 

5.4  Ini!poctliiii  foe  pxaaarvation 

Tha  tunnal  atrueture  ahall  be  Maintained  tay  inapeetion,  for  proper  preaervation.  Tha 
inqpaotion  shall  ba  periodically  comdaetad,  and  also  tha  teivorary  inapaetion  Bh«Q.l  be 
conducted  during  aarthcpiakea  of  tha  atrong  intanaity. 

5.5  invastlgation  aftar  aarthqnakaa 

Tha  adniniatrator  of  tha  aukanargad  tunnel  shall  iiwwdiataly  conduct  an  inveatigation 
of  every  portion  of  tha  tunaal  aftar  aarthquakea  of  high  intanaity.    Tha  raaulta  of  tha 
invaatlgation  and  tha  proper  oountamaaaorea  ahall  be  cHployad  and  raoorded. 
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ABSTRACT 

Rteently  the  imit>ed  States  and  Japan  have  made  progress  in  aseismic  design  of  R.C. 
Structures  based  on  the  testing  of  R.C.  negnbers,  in  whidt  these  tests  have  shoim  the  impor- 
tance of  ductility  in  columns.    However  there  are  a  few   seismic  studies  based  on  the 
loading  tests  of  full  size  structures.     Fortunately,  in  Jfapan  there  is  tho  greatest  loading 
test  facilities  in  the  world,  with  new  larger  facilities  now  under  construction.     By  using 
these  facilities  full  size  asemismic  tests  can  be  conducted.     This  proposal    provides  a 
plan  for  the  tostinq  of  reinforced  concrete  structures  with  shear  walls,  which  should  be 
the  first  step  toward  developing  an  international  aseismic  code. 


Key  Ifords:    Dynamic  Testings  Laterial  Load  Simulation;  Hodels;  Shake  Tables;  Testing, 
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Recent  Research  frogroas 

R.C.  structures  arc  generally  recognized  to  have  sufficient  earthquake  resistance. 
However  in  1968,  the  Tokachi-Oki  earthquake  induced  extensive  dam&9e  to  school  buildings 
in  Japan,    in  1971r  the  San  Fernando  earthquake  induced  severe  damage  to  hospital  buildings 
in  the  USA.    Examination  of  the  earthquake  aanage  indicated  that  nany  R.C.  eolomna  sus- 
tained severe  damage,  particularly  tbaax  failures,    thuft  the  prdblem  of  tbat  need  for  dnedUtr 
of  R.C.  column  was  reoonfitned.    Ttaereforsk  since  1973,  a  research  project  was  organised  by 
the  Ministxy  of  Conatruotion  tdiitih  included  testa  of  about  200  .  R.C.  column  specimiaM.  Itae 
folloiring  lists  some  of  the  results  obtained  fron  t^ese  testsi 

(1)  All  ^rpes  of  failure  nodes  of  the  oolums  wsre  defined  precisely  from  the  tests. 
Th^  consist  of  shear  diagonal  tension  failure,  shear  compression  &ilur«,  shear  ten- 
sion failure,  bond  splitting  failure,  and  buckling  of  the  main  bars.    En^iricad.  equa- 
tions relative  to  strength  associated  with  each  nx>de    were  then  established. 

(2)  Load-deflection  curves  of  all  type  of  colusnns  were  standardized  and  the  limitation 
of  web  reinforcement  (quantity,  shape  and  arrangement)  for  ductile  members  was 
determined. 

Further  Problem 

At  present  tiuay  ei^perimmital  studies  have  been  conducted  on  columns,  beams  and  shear 
walls.    However,  there  are  many  fields  still  unexplored.    For  example* the    seismic  tests 
(static  and  dynamic)  of  full  size  structures  with  slabs,  shear  walls  and  foundations  need 
investigations.     These  test  results  would  provide  insight  on  the  difference  between  the 
behavior  of  a  structure  and  unit  meinber,  especially  the  anchorage  of  the  main  bars  or 
ground  effects  on  the  wails,  etc.     Previous      studies  on  the  structural  damage  due  to 
earthquake  were  based  only  on  member  teste  in  the  laboratory,  and  the  behavior  of  entire 
structures  had  to  be  bassd  on  many  snginsering  essuqptions,  which  may  lead  to  sosm  errors. 
Full  sise  stractural  testing  should  be  made  in  acder  to  avoid  such  errors* 

Planning  of  Test 

a)  Testing  Facilities 

In  Japan,  there  are  large  dynamic  and  static  tasting  facilities  and  many  others 
now  under  oanstructicn.    IVo  such  facilities  are  dasCTibad  below) 


This  simulator  system  is  houssd  in  tiie  National  Rsseardi  Center  for  Disaster 
Frevention  and  located  in  Tsukuba  Aeseard)  and  Bducatlan  City  (that  is  now  under 
construction],    ^e  performance  of  this  simiulator  is  shoim  in  Table  1.    The  test 
platform  is  15  by  15  meters  in  plan,  which  allows  free  lotion  in  two  directions. 

The  effective  weight  on  the  platform  is  500  ton  (horizontal  notion) ,  and  200  ton 

(vertical  motion) .    The  test  platform  is  actuated  by  a  360  ton  capacity  hydraulic 

actuator  at  a  maximurt  acceleration  of  500  gals  and  a  maximum  velocity  of  37  cm/sec 
and  a  maximi^im  displacrr.ent  of  ±  30  nun  under  dynamic  conditions.    Fig.  1  shows  the 
relationship  between  acceleration,  frequency  and  weight. 


(Large  Scale  Barthquafce  Simulator) 
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(Large  Size  Loading  Facility) 

This  facility  is  for  both  static  and  dynamic  full  size  structural  tests  using 
hydraulic  serve  actuators,  which  are  not  under  construction.     The  plan  and  section 
of  this  facility  are  shoim  in  Fig.  2.    The  facility  consists  of  two  blocks  A  and  B, 
■nA  «  imll  £»  horisantsl  r—etlett  nhicili  Im  loeaftttd  along  the  periphery  of  Him  bloeks. 
B  blodc  has  two  raactioa  walla  In  tan  dlraotions.    All  ths  tMting  syatsott,  loading » 
vUuntloa  and  ■easumient  are  directly  oontrolled  by  a  ooHpottH;.  wgam  in  tliis  facility. 
Fig.  3  ahowa  an  maaple  of  the  testing  eapaoi^r  of  tbim  ayaten. 
fe)  Deseeiption  of  Teat  straoture 

As  a  firat  atege  of  the  teating  ^ojeot*  it  ia  propoaed  tl»t  a  four  atory  building 
witii  ehear  wille  be  teetedt  as  ehown  in  Fig.  4.    The  type  o£  sheer  walls  will  include 
nozmal  tjfpes*  precast  walla  and  slip  walls*   oooduoting  of  this  teat  will  pend.t 
solution  of  sooh  pvoblesis  as  the  actual  behavior  of  shear  walls*  effects  of  Vbm  foonda- 
tionr  soil  conditions  and  the  me<fliani«D  at  structural  yielding.    The  teet  structure 
as  ehOWQ  in  Fig.  4,  is  one  axanple,  other  types  of  buildings  however,  should  be  io^ 
eluded  in  the  project,  i.e.  structures  without  shear  walls  and  with  short  coIubds  oc 
long  columns,  long  span  structures  emd  many  types  of  ground  conditions. 

ffiffl^lticns 

Important  buildings  and  naterials  oust  be  protected  during  strong  earthquakes.  From 
this  viewpoint,  therefore*  our  first  study  should  be  the  development  of  full  size  aseismic 

tests  using  Japanese  large  scale  facilities.     Systematic  full  size  tests  in  cooperation 
between  the  U.S.A.  and  Japan  will  permit  a  better  understanding  of  factors  in  order  to 
establish  an  international  standard  aseismic  design  code. 
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BARTHQOAKE  DISASTER  MITIGATIOHl 
A  Joint  Research  Approach 

CbarlM  c. 
and 

John  B.  Scalsl 
Program  Managers r  Earthquake  Engineering 
Research  Applications  Directorate  (RANN) 
National  Sclanoa  Foondatien 

ABSTinCT 

This  paper  discusses  the  current  earthquake  research  being  undertaken  In  the  USA 
under  sponsorship  o£  the  NSP.    In  addition,  possible  cooperative  research  studies  between 
the  USA  and  Japan  are  described. 


Key  Words:    Buildings;  Earthquakes;  Research;  Structures;  Structural  Engineering. 


Digitized  by  Google 


int«oduetloii 

iMBeroas  recent  publications  attest  to  the  seriooaness  of  the  hazard  j^eeented  by 
earthquakes  to  the  peoples  and  economies  of  the  United  States  and  Japan.  The  damaging 
quakes  of  this  decade  are  grim  reminders  of  the  severe  impacts  of  the  1923  Tokyo    and  1906 

San  Francisco  events .     Tn  the  intorvoning  years  these  cities  have  grown,  concentrating  sub* 
stantially  greater  populations  likely  to  experience  earthquakes  of  comparable  intensity. 
Urbanization  combined  with  industrialisation  are  increasing  our  vulnerability  nut  only  to 
calamitous  life  losses  but  to  major  economic  disrvption  and  dislocation  through  lost  indus- 
trial capacity. 

ihese  are  not  problens  without  potential  resolution.    It  is  a  tenet  of  engineering  that 
we  oan  devise  strategies  at  some  oost  that  will  redues  the  potential  for  disrvption.    It  is 
this  belief  that  drivee  the  research  process  to  discover  and  develop  better  eronoBic  design 
and  construction  practices.    Our  joint  national  interests  in  this  area  are  oonslstent  and 
compatible:    to  control  the  consequences  of  earthquake  occurrences  throng  limiting  life 
loss  and  injurVf  jprasterty  damage  and  social  disruption* 

she  United  States  program  of  research  in  earthquake  mitigation  is  directed  at  the 
developnent  of 


(A)  eoonoatically  feasible  design  and  construction  methods  for  building  sarthquake 
resistant  structures  of  all  types «  and  for  the  identification  and  repair  of 

existing  hazardous  structures; 

(B)  an  operational  program  for  predicting  damaging  earthquakes  and  their  physical 
effects  in  the  seismi cal ly  active  regions  cf  the  United  States; 

(C)  procedures  for  integrating  data  and  inforwation  about  seismic  risk  with  on- 
going land  use  piaraiing  and  regulation  activities; 

(D)  procedures  for  identifying,  evaluating  and  accurdtely  characterizing  seismic 
hazards  la  earthquake-prone  regions; 

(B)  improved  understanding  of  the  social  and  eoonomio  consequences  of  individual 
and  conminity  decisions  on  earthquake-related  issues,  eaphasising  risk  con- 
trol, pre-event  planning,  issuance  of  warnings,  provision  of  emergency  ser^ 
vices,  rescue,  recovery  and  redevelopment j  and 

(F)  methods  and  procedures  for  the  control  or  alteration  of  seismic  phenomena 
and  their  effects  on  existing  structures. 


Che  Bcbievwnient  of  these  objectives  will  require  the  concerted  effort  of  many  professionals 

working  in  concord . 

The  problem  posed  by  earthquakes  to  the  U.S.  are  comparable  in  most  ways  to  those 
posed  to  Japan.     Beth  our  countries  have  embarked  on  extensive  programs  of  research  in 
engineering,   seisTt  logy,  geology  and  the  social  sciences  to  develop  earthquake  mitigation 
procedures  consistent  with  the  above  objectives.     It  is  certainly  true,  in  the  U.S.,  and 
almost  surely  true  m  Japar.  tliac  the  magnxtude  of  the  research  problems  we  i'ace  are  signi- 
ficantly greater  than  the  man  power  and  financial  resources  we  can  bring  to  bear  to  resolve 
them.    Under  the  auspices  of  the  U.S.  -  Japan  Panel  on  wind  and  seismic  Effects  we  are  now 
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meeting  for  the  seventh  time  to  disruRS  our  mutual  problems  and  a.LCornplishrncnt^s .     This  is  a 
vital  element  in  keeping  oiirRel ves  jointly  inforined  of  the  work  beinq  pursued  in  our  res- 
pective countries.     Wo  believe  that  it  is  now  time  to  escalate  our  activities  to  the  next 
logical  plateau:     the  cor.duc;t  of  ioint  and  complementary  research  projects. 

First  an  obj;ervation .     This  Panel  has  by  the  very  naturft  of  its  mtinbHrship  been 
Strongly  oriented  toward  engineering  probleins.    But  the  problems  we  face  in  earthquake 
disaster  ■itlgation  ara  not  sisipla  angiiMarlng,  or  foir  ttiat  aattar  sttinnological,  eennoMic 
or  political,    there  agppear  to  be  eight  Approaches  to  liniting  earthquake  iinpactf  four  each 
of  a  phyaical  and  social  typet 

Control  the  event  by  prevention  or  ■odification  of  the  eventi 

Anticipate  the  event  so  that,  remedial  actions  nay  be  taken; 

Identify  the  seisnio  potential  of  areas r 

Construct  facilities  so  as  to  perforn  acceptably  during  and  aftar  tha  event) 
Plan  for  the  warning »  response f  and  recovery  to  the  event; 
Distribute  the  economic  risk; 

Generate  and  select  alternative  physical  development  plcms;  £uid 
Adopt  and  enforce  zoning,  construction  and  management  standards. 
Clearly  if  ocr  panel  is  fjoing  to  focus  on  the  problem  of  reducinq  earthquake  impacts, 
we  must  extend  its  membershiiJ   (or  foster  companion  panels)   to  take  advantage  of  the  experi- 
ence and  capabilities  of  the  other  diciplines.     The  area  of  earthquake  prediction  is  a  vital 
area,  advancing  quickly  in  our  respective  countries.    This  panel  could  act  as  a  focus  for 
the  exchange  of  mutually  beneficial  data  and  accomplishments.    We  propose,  at  the  least,  to 
extend  the  Panel's  activities  to  include  prediction  as  a  sub-panel,  possibly  meeting  separ» 
ately.    In  the  naint  we  propose  to  extend  the  Panel  to  address  the  full  range  of  earthquake 
disaster  nitigatlon  Methods. 

ta  noted  above  we  alro  feel  that  it  is  tine  for  us  to  begin  the  pooling  of  our  joint 
national  reaeardi  resources  to  resolve  probleus  of  public  safety.    As  noted  in  the  appended 
list/  the  tISF  program  has  nade  substantial  investatents  in  research  in  a  variety  of  areas. 
In  keying  with  our  goal  to  extend  the  scope  of  the  Panel's  activities,  we  propose  that  six 
specific  areas  be  targeted  for  potmitial  joint  resear^: 

1.  Public  policy  implications  of  earthquake  prediction! 

2.  Large  scale  destructive  testing; 

3.  Design  of  industrial  tacilities; 

4.  Instrumentation  at  foreign  sites; 

5.  Land  use  planning; 

6.  Structural  upgrading,  repair  and  retrofitting; 
These  areas  will  be  discussed  individually  belowt 

i.    Public  Policy  In^lications  of  Earthquake  Prediction 

Vbe  issuance  of  prediotictis  of  dmaging  earthquakes  in  selected  geographic  areas  nay 
trail  be  upon  us.    Forecasts  could  be  one  medianisn  for  reducing  potential  loss  and  disrup- 
tion from  earthquakes,    with  extended  lead  tinea,  actions  could  be  taken  to  inspect  and 
strengthen  buildings,  upgrade  the  seisnic  resistance  conponant  of  building  code  requiremants 
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•O  «1X  iMMr  atmetariM  Msald      lass  soaoqptible  to  danage,  inprovs  land  uaa  aoning  regula- 
tions to  lialt  oc  prohibit  construction  in  especially  hasardous  azeas  and«  of  ooursef  as  the 
fereoastad  evant       approaohes,  plana  for  partial  or  oonpleta  evacuation  oould  be  carried 
out. 

On  the  other  hand,  the  negetlv*  consequeBoes  could  be  enornous  if  en  extended  period 
of  uncertainty  follOM  a  forecast  for  a  danaging  earthquake.   Public  and  Priv«te  investnant 
•gents  nay  drastically  reduce  their  construction  and  davelofoent  in  the  area  as  wall  aa  cur- 
tail production  and  ccaaiercial  activity  tiiat  oould  trigger  an  extended  shoNdoiRi  in  the 
local  economy  mliielk  would  be  reflected  in  increased  iinenployinentr  reduced  private  ineonwr 
shrinking  tax  base,  and  increased  demands  for  public  services. 

lV}day  there  is  no  base  of  scientific  knowledge  to  provide  information  on  the  benefits 
or  disbenefits  of  such  actions.    Limited  studies  have  been  initiated  in  the  United  States. 
They  are,  however/  confined  by  the  time  frame  in  which  the  research  must  be  accomplished  and 
by  the  n&&d  to  validate  policy  recommendations  by  observing  the  publ:Lc'£.  response  to  actual 
predictions.     A  joint  program  of  cooperative  research  could  materially  reduce  the  time  frame 
in  which  this  research  is  completed  and  lead  to  a  better  utilization  of  earthquake  predic- 
tion for  the  public  benefit.    He  propose  a  four  item  cooperative  program  to  achieve  the 
folloiring  objectives s 

1*    So  develop  and  interpret  •  coafprehensive  set  of  enplrlcally  based  findings  regard^ 
Ing  the  probable  response  of  organisationa  and  individual  oltisens  to  early 
credible  earthquake  forecasts » 

2.    To  develop  and  apply  an  effective  means  of  Informing  organisations  and  the  public 
of  the  findinga  and  Uieir  implications} 

3*   TO  test  in  «  rigorous  fashion  the  inpact  of  these  findings  on  organisations!  and 

4.    TO  prepare  reocnmdations  for  legislative  and  a4hninistrative  actions. 

To  facilitate  sudi  a  program  we  propose  that  s  bilateral  meeting  between  «p^cpirlate 
officials  and  researchers  be  concerned  in  the  near  future  to  plan  suofa  a  program. 

2.    Large  Scale  Destructive  Testing  of  Structures 

In  the  area  of  structural  analysis  and  design  we  have  relied  heavily  on  our  technical 
capabilities  with  theory  and  computers  to  develop  concepts  for  design  of  structures  to  re- 
sist earthquake  forces.    Many  of  these  concepts  have  evolved  frcan  post-inspections  of  earth- 
quake damage  and  shake  table  results.    As  beneficial  as  these  concepts  cure  there  are  many 
factors  which  cannot  ba  evaluated  by  inspection  or  small  scale  tests. 

Among  the  parameters  for  which  better  data  is  required  are:    the  three  dimensional 
b^viox  of  full  sine  structures  and  individual  components  siivjected  to  oontrolled  seismic 
type  forces f  the  determination  of  Htm  structursl  damping  charmoterlstlos  caused  by  the 
various  alaawnts  in  a  building,  the  eonaeetlons  of  various  structural  ooivonents  and 
eqnipnsntf  the  forces  acting  on  various  equipment  caused  Tajf  the  interaction  of  the  structure 
and  tiie  equipment,  the  attadhaant  of  non-etruetural  itame  and  other  items  whidh  are  ei'Oier 
too  large  or  too  emifaersome  to  be  handled  on  .a  shake  table  or  confidently  by  analysis. 

A  plan  to  cbtain  the  required  data  could  be  formulated  by  a  Joint  U.S.»J«ipan  program 
consisting  of i    (s)  large  scale  testing  of  existing  structures  of  various  types  of  materials 
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and  oonstruetion,  <b)  pamvdoifynmlc  tmatm  oa  full  als*  «p«eiiien>  or  stnieturtts  oonatruetad 
to  ObtAln  specific  data*  (c)  ahaka  tabla  variflcsatiana  vburm  saqoixad  for  tiia  paaudo- 
dynaale  tasta  or  for  apaclaana  vhldh  aay  bo  ooosidarod  full  aiaa. 

At  tiie  presKit  tlae  a  few  projects  axe  undexway  to  investigate  tbe  behavior  of  masonry 
construction  by  pseudo^dynanic  test  nethods.    Large  joint  speelinens  of  reinforced  concrete 
frana  and  shear  walls  are  being  analyzed  and  tested  by  pseudo-dynamic  test  procedures. 

The  results  of  thesft  tests  could  be  verified  by  full  size  structural  tests  to  evaXuata 
the  time  behavior  in  a  structural  system.     A  program  to  extend  the  tests  to  full  size 
Structures  to  determine  the  parasteters  which  can  not  be  evaluated  otherwise  would  be  most 
desirable  and  beneficial  to  both  countries. 

3.    Industrial  Buildings 

Up  to  the  present  tiae  research  on  boildinga  haa  been  concentrated  on  the  high  rise 
type  of  reaidmtial  and  cooBUKial  types  beoanae  of  the  hasarda  to  the  lives  of  the  occu^ 
panta.    Very  little  attention  "ham  bean  given  or  devoted  to  other  typ^  of  faeilitiaa  iriii<di 
axe  equally  uniapo^tant  to  the  welfare  of  tiie  conranity.    These  are  the  induetrial  buildinga 
which  provide  tiie  econoadc  baee  for  the  eacietenoe  of  the  coaaninity.    the  anount  of  earths 
quake  reaiatanee  in  these  buildings  is  dependent  upon  the  deaign  engineer  of  the  building 
who  nay      i>ey  not  hava  had  ej^erienoe  witit  earthquake  deaign  aitaria.    In  general,  howeveiv 
it  appears  that  noai:  industrial  faoilitiea  have  not  been  intentionally  designed  to  reeist 
seisiiic  forces. 

the  National  Science  Foundation  is  currently  funding  several  projects  which  are  re- 
lated to  the  industrial  sphere  of  structures  sxid  buildings.    Among  these  are:     (a)  the 
analysis  and  shake  table  tests  of  ground  storage  tanks  with  varying  heights  of  liquids, 

(b)    the  seismlrr  resir:tance  of  the  major  structural   components  o£  £o88il   fuel  power  pianLS, 
such  as  the  boiler,   the  coal  handling  conveyor  system,  the  stac)c,  the  cooling  tower,  the 
piping  systens,  and  the  related  structures,   (c)  a  study  to  determine  the  seismic  vulner- 
ability of  the  electrical  distribution  system  will  result  in  policy  decisions  for  types  of 
qpare  parts »  readiness  of  the  operational  ereWi  and  aixilex  type  operational  decisions. 

Ae  one  viewa  the  induetrial  coqplex  of  both  countries*  it  is  a  sinvl*  matter  to  obeerve 
tiie  many  ^rpes  of  facilities  idtich  will  require  intensive  study  and  researdi  to  develop 
econoatical  design  procedures  which  plant  managers  will  be  willing  to  aooqpt.   A  joint 
U.S.  -  Jepen  progran  to  Inveatigate  these  induetrial  facilities  will  reduoe  the  duplication 
of  effort  and  ahorten  the  period  of  Isipleiienting  the  reaearcdi  results. 

Areas  of  further  research  idiich  could  be  undertaken  in  consort  or  separately  arei 

a.  hydroelectric  plants  and  all  their  appurtenances 

b.  other  coiif>onents  of  fossil  fuel  power  which  are  not  already  under  study  such 


as  turbines,  and  other  pieces  Of  equipment. 

c.  refineries 

d.  chemical  plants 

e.  focxi  processing  plant:s 

f.  warehouses,  etc. 
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A  plan  to  attack  these  probicns  with  the  greatest  benefit  to  each  country  would  be  to 
assign  certain  projects  to  each  nation  and  combine  the  r^^sults.     Thereby,  each  nation  would 
not  duplicate  the  other  and  the  total  results  would  be  obtained  in  much  less  time,  than 
would  otherwise  be  possible  by  each  country  doing  all  of  the  research  alone. 

4.  Instrumentation  at  Forei9n  Sites 

At  ai^  qLvtxk  mitm  ttarthqaakea  are  relatively  rare  eventa.    ihia  is  fortunate  for  am 
possible  affeotod  populus,  but  leads  to  inhsEent  difficulty  in  cfataiDirag  strong  ground  no- 
tion useful  fmr  extending  our  design  practice.    Both  the  Onlted  States  and  Japan  have  ae«> 
tive  instrumentation  prograas  designed  in  part  to  instrunent  sites  of  likely  activity  to 
yield  data  on  both  ground  design  and  building  response.    Both  our  prograas  are  weak,  however . 
in  that  we  have  not  necessarily  placed  these  instrumentation  networks  in  the  sreas  of  the 
world  %ihere  tiie  data  return  is  likely  to  be  the  hic^iest.    To  date  we  have  anassed  a  sub- 
stantial data  collection  for  low  nagnltude  and  intensi^  events.    As  intensi^  and  nagnltude 
Increase,  the  recorded  data  falls  off  at  least  logarithmically r  indeed  data  at  damaging  in- 
tensity levels  for  earthquakm  with  Richter  !nagnitude  above  6.5  are  virtually  non-existent. 
Yet  our  design  considerations  are  dominated  by  this  magnitude  event.    There  is  a  definite 
world  need  for  near  field  strong  motion  data  for  quakes  of  magnitude  7  and  over.  Since 
they  are  infrequent   (particularly  in  the  8.0  range)  we  cr.ust  place  the  networks  where  these 
magnitude  events  are  most  likely  to  occur.    This  involves  the  piaceraent  <jf  networks  outside 
of  our  respective  countries.    Since  we  both  benefit  from  this  data,  we  ought  to  pool  our 
resources  to  design,  place  and  maintain  these  systems. 

To  aocoivlish  ths  goal  of  the  timely  collection  of  near  field,  large  magnitude,  strong 

notion  data  we  propose  the  joint  development  of  fecial  arrays  to  be  placed  outside  our 

respective  fxnmtries  thrciugh  the  following  steps  a 

select  regions  of  the  world  with  sufficiently  high  seismic  activiigr  which  are 
eaqpeditioua  to  develop  in  sudi  arrays i 

Define  the  nature  of  the  arrays  which  may  be  utilized  effeiitivialy  for  this  purposei 

Evaluate  the  instr-jmcntation  needed  to  implement  these  arrays? 

Design  specific  arrays  for  several  of  the  active  areas  selected  in  the  first  tasks; 
Jointly  place  and  maintain  the  instrument  sitas] 
Regularly  exchange  data. 

5.  Land  Use  Planning/Site  Plaming 

Averting  or  lessening  the  potential  affects  of  many  geophysical  based  disaster  can  be 
achieved  by  reg\ilating  the  use  to  «liidi  land  is  put  and  the  materials  and  methods  employed 
in  the  design  and  oonstructlca  of  physical  facilities.    For  the  most  part,  seismic  land  use 
considerations  in  the  O.S.  have  been  either  through  the  publication  of  seismic  risk  maps  for 
state  sised  regions*  or  through  the  ii^osition  of  relatively  vague  legislative  admonitions. 
In  California's  case,  thsy  have  enacted  a  statute  that  requires  the  consldarBtion  of 
earthquake  hasards  in  each  ccaiiwnlties  master  plan»  although  there  is  little  agreement  on 
what  such  an  InooiporatiOA  should  entsil  as  its  technical  oontMit.   i^ad  use  is  a  technique 
that  offers  the  opportunity  for  control  not  only  of  earthquake  related  damage,  (shaking, 
faulting,  landslides,  tsunami,  etej  but  also  for  other  gsobasad  hazards.    Within  the  U.S., 
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It  ia  unllkttly  thAt  land  ua«  criteria  basad  aolaly  an  eartl^piake  hasard  can  be  widely  adoptied. 
Whaii  floods,  landalida,  aarthquakea  and  allied  hazards  are  considered,  tiiere  Is  sons  likeli- 
hood for  iaplemnting  tochnlcal  land  use  criteria  to  reduce  the  piiblio  hasard  eivosure. 
Iteseard)  in  this  area  is  enljryonic  in  the  0.8.  and  we  conjecture  that  it  is  also  in  Japan. 
We  propose  that  a  binatiOnal  working  group  be  established  vrnder  tha  auspices  of  the  Panel 
to  investigate  the  most  appropriate  objectives  for  joint  activities  and  develop  an  integrated 
research/information  exchange  prograun  to  inplemcnt  tlicE5o  obj«ctlves« 
6.     Structural  Upgrading  -  Repair  and  Retrofitting 

Most  current  structural  research  and  that  of  the  past  ye^rj  has  concentrated  on  the 
behavior  of  materials  components,  structural  and  systems  in  order  to  develop  techniques  to 
ii^rove  new  construction.    Very  iittlu,  if  any  research  was  devoted  to  the  problem  of  retro- 
fitting fbir  stziongthaning  purposes  <  or  repair  after  an  event.    Zbesa  were  left  to  Um 
.judgment  of  the  engineer  or  building  official  to  decide  how  the  building  was  to  be  re- 
paried  or  strengthmed.    Their  decision  was  usually  baaed  on  past  personal  eiperiaioe  rather 
than  reaeardi  results  and#  in  general «  t^ese  professionals  have  perfoned  well.  Koweverf 
because  many  large  cities  are  in  potentially  high  eeisnic  risk  aonea,  and  have  nany  old 
buildings  whicSi  are  svfbject  to  danage  if  an  earthquake  strikes,  it  is  isperative  that 
considerstifio  be  given  to  the  proft>l«M  of  retrofitting  and  repair. 

In  recent  expexinental  studies  of  structural  eooaponents  it  has  beocoe  the  practice  to 
teat  qpeclaena  qp  to  a  failure  point,    ut  not  to  total  destruction.    By  this  nthod  repairs 
are  wide  using  tfoxLwt  or  grouts  and  the  speelnen  is  retested  to  detemine  the  new  load 
resistance  capacity.   Ooapariaons  of  the  effectiveness  of  the  repair  tedmig^es  are  nade  to 
determine  the  best  possible  method. 

A  specific  project  is  underway  to  evaluate  the  resistnncf^  of  structures  up  to  four 
stories  in  height,  typical  of  school  buildinqs,  and  to  determine  the  most  cost-effective 
method  of  retrofitting  the  buildijtg.    Various  materials,  such  as  steel  and  reinforced  con- 
crete with  different  framing  systems  are  to  he  studied.    The  objective  for  the  project  is  to 
develop  a  netbodology  for  the  evaluation  of  an  existing  buildijig  and  to  outline  the  various 
nsthods  whidi  nay  be  ossd  to  rstrofit  the  specific  building. 

NO  dovbt,  in  both  countries  tbare  are  nany  buildings  «Aich  could  be  retrofitted  to  a 
hlgbar  selsnic  resistance  and  consequently  pro^ride  a  great«r  degree  of  safety  for  the 
oooupsnts. 

A  joint  pcogxaB  outlining  the  types  of  buildings  each  country  could  study  would  certain- 
ly reduoe  the  tine  and  cost  of  dbtaining  this  nost  useful  Infonnaticn.   A  sUbcomittee  of 
ttiis  panel  could  met  to  decide  the  distribution  of  activities  between  countries  whidk 
would  lead  to  a  comon  goal. 

oonelusion 

the  tine  is  ripe  for  our  two  countries  to  extend  our  cooperation  in  the  earthquake  area 
froBk  one  of  infoxnation  to  one  of  joint  endeavor.    N»  proipose  to  aoooa|>lish  this  through 

two  actions.     First  to  extend  the  participation  in  the  Panel  to  all  of  the  disciplines  en- 
gaged in  earthquake  mitigation  research  and  Ijpplementation.    Second  that  the  Panel  foster  a 
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series  of  focused  research  studies  to  be  undertaken  jointly.     Ctoviously  such  undertakings 
will  require  both  the  commitment  of  time  and  personnel  to  develop  the  proqram  and  the 
allocation  of  resources  to  carry  it  out.     We  are  prepared  to  act  as  the  focal  point  tor 

4 

developgnent  of  the  u,S.  participation  in  such  a  planning  effort. 
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HIGH  WIND  STUDY 
PHZLZPPINBS 

by. 

Noel  J.  Raufaste 

Federal  Building  Prograjti  Coordinator 
Office  of  Federal  Building  Technology 
Cmter  for  Building  Vschnology 
Institute  for  Applied  Technology 
National  Bureau  of  standards 
Waahington,  D.C.  20234 


ABSTitlllCT 

A  r«vla«r  of  the  Hatlonal  Bureaw  of  Standards  three-year  higb  wind  study  in  the  Philip^ 
pines  is  presented:   Accanplishnents  during  the  first  two  years  of  the  study  are  discussed. 
Principal  aecoiqpliahnentB  include  1)  foznation  of  .a  Ibilippine  Advisesy  Goaadttee  to  oocr- 
dinMe  local  wind  research,  2)  aeleetion  of  three  field  test  altes,  3)  oonstruotlon  and 
instrumentation  of  six  test  buildings  with  wind  reooacding  equipstant  at  the  teat  sitea, 
4}  instrumentation  of  the  university  of  Philippines  wind  tunnel,  and  5}  participation  in 
two  intematlanal  workshops  on  high  winds  in  Manila. 


Key  ttordai   High  winds,  Philippines,  field  studies,  instnaentatioo,  wind  tunn^  tnt. 
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Introdttctlon 

The  Hatlonal  Buraau  of  Standards  (MBS)  1*  davalqplng  iiopxoved  dMlgn  critaria  for  low- 
rise  buildings  to  better  resist  the  effect  of  extrene  winds.    The  thvee-year  project  Is 
sponsored  fay  tugmaav  for  Intamatloaal  Developumt  (AID). 

This  research  project  originated  from  recognition  of  a  need  for  additional  researdt  to 

supplement  the  limited  amount  of  existing  data  concerning  the  effects  of  wind  on  low^rlse 
buildings,  especially  in  developing  countries.     Many  existing  criteria  for  wind  lotkds 
design  do  not  make  provision  for  steady  and  fluctuating  wind  pressures  along  the  edges  of 
roofs  and  walls  where  flow  separations  occur.     Yot  wind  pressures  along  these  regions  eure 
one  of  the  primary  contributors  to  building  damages.    This  research  and  the  resultant 
development  o£  suitable  design  criteria  and  methodologies  will  reduce  losses  of  structures 
and  lives  in  the  covmtrles  where  the  criteria  are  applied. 

The  Philippines  experience  the  higiiest  worldwide  amnual  frequency  of  intense  tropical 
etorvs.   within  the  FhllifipineSf  th*  frequency  of  tropioal  stocM  la  greatest  in  iMion. 
Statistics  indicate  that  between  1948  and  1971  the  PbillFPines  were  exposed  to  482  tropical 
stoma*  or  an  t^nxage  of  20  per  year.   As  sudif  these  ooeurrenoes  wdce  the  PhilJjnpines  * 
natural  laboratory  to  Masurs  wind  loads  on  bvldlngs* 

HBS*s  extrsM  wind  study  includes  several  ooigcnents.    It  is  based  largely  on  field 
work  (collection  of  wind  loading  data  from  seven  field  test  buildings)  and  fro*  wind 
tunnel  testing  of  building  scale  nodels.   The  study  alao  includes  a  review  of  eliaatologio 
cal  data  from  the  weather  bureaus  of  the  Philippines  and  two  other  developing  oountries, 
Bangladesh  and  Jamaica,    socio-economic,  architectural  and  structural  datSr  fxam  the  Philip- 
pines  and  other  developing  countries  will  be  included  in  the  implementation  aspects  of 
thi?:  fittidy.     In  aMitian ,  knowledge  about  wind  effects  on  buildings  obtain&d  in  other 
couik tries  such  as  the  United  States,  Japan,  Australia  and  the  United  Kingdom  will  be  used 
as  required. 

It  should  be  noted  that  Dr.  Richard  Marshall,    the  principal  investigator.  Is  respon- 
sible for  directing  the  wind  researcih  activities  as  discussed  in  this  report.  These 
activities  are  found  on  pages  3  -  10. 

Background  Infonration 

The  first  step  in  performing  this  research  was  to  identify  interested  organizations » 
agencies,  universities  and  other  groups  within  the  Philippines,  selected  Bay  of  Bengal 
countries  and  several  northern  Caribbean  islands  to  assess  tJieir  degree  of  interest  for 
possible  In^countxy  project  participation.    On  Jlprll  27«  1973  the  Philippine  Advisory 
Oonnittee  was  ImcmoA.   Professionals  frat  various  building  related  fields  were  brought 
together.    The  response  from  the  Phlllppina  OovemMnt  and  the  private  sector  nusbered 
nore  than  30  scientists #  engineers  and  researchers  rapreeenting  goverannnt  entities* 
professional  organisations  and  private  groupe.    Also  included- were  tte  OSAID  Mission  to 
tba  Philippines  and  the  U.S.  national  Bureau  of  Standards.   The  Phlllppliie  AdviaoiEy  Oon- 
mittee  serves  as  the  focal  point  for  coordinating  project  activities  cmtering  in  the 
Philippines. 
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Ihe  ooHBDittae  Is  oonpoaed  of  the  following  organisations  t 
mivwsity  of  the  Philiiqpinfts 

Phili|if)liM  AtMOQhsxic  Gsophysical  and  AatronoBiaal  Sarvicas  Administration  (PMGWSA) 

national  Koosing  Corporation 

Land  and  Bousing  tNswslQpnent  Otuporatlon 

Paoples  HoMsite  and  Koosing  Corporation 

Govamaant  sarvlca  xnsuranoa  System 

Social  Securi^  f^raten 

shiliKPine  Standards  Association 

A.  R.  Floras  and  Associates 

national  Building  Code  Coimiittee 

National  Society  for  Seismology  and  Earthquake  Enginearlng  of  the  Philippines 
Association  of  Structural  Engineers  of  the  Philippines 
Philippine  Institute  of  Civil  Engineers 
Bureau  of  Public  Works 

Philippine  Civil  Aeronautics  Administration 

National  Science  Development  Board 

USAID  Mission  to  the  Philippines 

Bangladesh  anivuesity  of  saginsaring  and  Technology 

CMBf  Inc.  -  Bangladeah 

Doost,  Brownf  Adns  and  Associates*  Janaioa 
U.S.  national  Bureau  of  standards 

In  addition  to  NBS  and  Alu  support,  principal  members  from  the  above  groups  donated  their 
time  and  professional  expertise,  test  buildings,  land  to  construct  test  buildings,  scienti- 
fic facilities  and  fmding  fox  continuation  of  Philippino  rasearch' activities. 

m  Dld-1973  tMO  individuals  «fara  selected,  represmting  the  Bay  of  Bengal  and  the 
northern  Caribbean  Island,    thass  individuals  contributed  infonaation  about  their  respec- 
tive gaogsaiihio  areas  as  inputs  to  the  develppnent  of  final  design  criteria.   Vhey  will  also 
transfer  the  project  results  to  their  reactive  geographic  areas. 

Wind  Besearch  Activities 
Field  Test  Sites 

Vhree  field  test  sites  are  being  operated  under  the  fnll-acala  phase  of  tha  test  pro- 
grant.    In  order  of  selection  and  installation  of  aquipaent,  th^f  am  as  follows  s  (1)  Science 
Garden  at  fiueson  Ci^,  (2)  Daet  and  (3)  Zisoag  City.    A  nuiibar  of  factors  wore  eonsldarad  in 
selecting  these  test  sites;  the  final  choices  required  soste  oonpronise  in  the  original 
selection  criteria.    The  naln  faotora  in  order  of  inportanee  were  as  followsi 

High  frequency  of  eactrene  winds, 

Acoessibili^r 

Availabiltiy  of  ccsnercial  power. 
Type  of  wind  oi^osurer  and 
Security 
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The  Science  Garden  elte  wae  an  obvious  choice  since  it  ia  staffed  witii  qaslif ied  FAGASA 
tecihniciane*    These  technicians  focn  the  nucleus  of  a  tean  trained  by  NBS  in  tilie  installs-^ 
tion^  operation  and  maintenance  of  test  eqtaipaent.    It  was  thus  possible  for  the  NBS  tean 
meniaers  to  transfer  a  significant  portion  of  the  installation  work  and  associated  responsi- 
bilities during  tiie  early  stages  of  the  program.    Science  Garden  also  serves #  In  conjunction 
with  the  University  of  the  Philippines*  as  ths  cMiter  for  reference  standards #  spare  parts 
and  service  equlpient. 

Selection  of  the  renaining  sites  was  not  so  Obvious.    PJifiRSA  weather  stations  were 
selected  because  of  the  security  and  personnel  available  to  service  the  e<^uipnent.  In 
addition,  measurements  of  temperature  and  barometric  pressure  would  be  available,  thus  free- 
inq  data  channels  for  additional  pressure  measurements.     In  discussions  with  the  Philippine 
Advisory  Commii-tec ,   serious  consideration  was  given  to  sites  at  Virac,  Casiquran,  Aparii, 
Baguio  City,  Daet  and  Laoag  City.     Virac  and  Baguio  City  were  eliminated  on  the  basis  of 
unusual  terrain  features   (mountain  top  locations)   which  are  not  typical  of  wind  exposures 
for  housing  developments  and  would  be  extremely  difficult  to  model  in  the  wind  tunnel. 
Casiguran  was  eliminated  because  of  the  difficulties  of  transporting  equipment  and  personnel 
for  periodic  maintenance  and  calibration  (boat  service  only) .    Aparii  was  eliminated  because 
of  plans  to  relocate  the  present  PAGASA  weather  station  site,  and  the  lack  of  electrical 
power. 

Daet  and  Laoag  Ci^  were  selected  witii  some  eoavrcmise  on  statistical  indspsndenee  and 
frequency  of  extreme  winds.   However*  it  is  believed  that  ottier  attributes  of  these  sites 
(ease  of  transporting  eqaipstukt  and  personnel*  availabili'^  of  electric  power*  non-unusual 
terrain  features)  more  than  offset  these  cosipromlses. 

Arrangements  were  made  with  the  Philippine  Advisory  Committee  to  build  test  houses  at 
the  sites  and*  where  possible  or  necessary*  to  use  existing  PMSASA  structures.    Vest  equip* 
ment  was  assasibled*  tested*  calibrated  and  packaged  at  the  MBS  for  shipaient  to  the  test 
sites. 

Science  Garden,  Quezon  City.     The  wind  exposure  at  this  site  varies  with  wind  directioa* 
bcir.g  relatively  clear  and  flat  from  N  to  SE  and  slightly  rough  from  SE  to  W  due  to  con- 
struction of  high-rise  buildings  some  500  metres  away.     The  site  is  moderately  rough  from 
W  to  N  due  to  local  topographical  features  and  other  low-rise  buildings  on  the  test  site. 
Three  test  houses  are  instrumented.    Basic  plan  dimensions  of  the  first  two  gable  roof  units 
are  7x8  metres.    The  third  unit  designed  by  CARE,  Inc.  in  Bangladesh  was  shipped  to  Quez<»i 
City  for  full-scale  testing.    This  building  is  barrel  vaulted  in  end  elevation  and  has  plan 
dimensicnts  of  5.4  x  2.5  metres.    The  data  acq^lsltlon  system  is  located  In  the  PASASA 
mstrunwAtation  Building  (adjacMit  to  the  first  test  house)  which  is  air  conditioned  and 
relatively  free  from  dust.    A  total  of  21  pressure  channels  are  available  (an  increase  of 
10  channele  through  use  of  an  auxiliairy  signal  conditioning  system) . 

Dust  Weather  Station.    The  Daet  site  Is  approximately  230  icm  SB  of  Manila.    It  is  locai> 
ted  next  to  the  city  airport  which  borders  the  Pacific  Ocean,    the  site  has  «  very  flat  and 
clear  eaqposure  with  the  exception  of  a  coconut  grove  running  from  BB  to  SB  adjacent  to  the 
ocean.    The  main  PAGASA  Station  Building  was  instrumented.    This  is  the  <mly  building  under 
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test  which  has  a  hip  roof.  The  data  acquisition  systern  is  installed  in  the  main  building's 
radar  equipiaent  room  which  is  air  conditioned.  Aji  emergency  aenerating  system  is  available 
at  this  site  in  the  e^^vftnt  that  eQmm#>reial  power  service  is  disrupted. 

Laoa9  City  Weather  5Lat.i.Qn.     ihii.  srte  xs  appraximately  5uU  kin  north  of  Manila.  As 

with  Oaet,  the  site  is  adjacent  to  the  mianicipal  airport  and  has  a  clear  and  flat  e)^osure 
for  all  dlrectlona.    Two  test  houses  with  plan  dinenslons  identical  to  the  test  units  at 
Science  Garden  (but  with  different  roof  slopes  and  eaves  overhang)  were  constructed ,  one  on 
the  PMSUSh  station  ground  and  one  on  CAA  property.   One  of  the  two  units  is  located  in 
elose  prixinity  to  tiro  existing  buildings  irtiicdi  will  allow  the  influence  of  neighboring 
structures  to  be  evaluated. 
Researca^  Bquipnent 

Pull-Scale  Tiest  BguiBient.    Baaed  on  technical  needs /  sane  of  the  data  acquisition 
eqaipnent  was  specially  developed  at  DBS  while  the  balance  was  obtained  from  caBBiereial 
sources.    The  data  acquisition  system  used  in  the  fall-scale  test  progran  consist  of  five 
basic  subsystems;  (1)  the  sensors  of  transducers,  (2)  a  logic  seetionr  (3)  a  signal  condi- 
tioner,   (4)  a  recorder,  and  (5)  a  power  supply.     The  equipment  was  aBseadiled^  tested  and 
packaged  for  shipment  to  the  Philippines  by  the  NBS  project  staff. 

The  systerr,  is  designed  to  continuously  monitor  ir.p-jt  signals  and  to  qc  into  a  calibra- 
tion and  record  sequence  when  the  signal  being  monitored  exceeds  a  preset  level.     When  the 
recording  period  ends,  the  system  enters  a  "hold"  period  during  which  no  data  are  collected, 
regardlttSK  of  the  signal  level  on  the  channel  being  monitored.     The  "record"  and  "hold" 
periods  are  switch-selectable  and  are  usually  set  at  20  arid  30  .Tiinutes,  respectively.  The 
total  recording  time  available  on  a  reel  of  tape  is  approximately  6  hours.    Thus,  the  total 
tine  period  betweMi  changes  in  tape  reels  (assuming  ocHitinuoue  high  wind  conditions)  is 
VPKOxinately  12  hours  which  is  considered  to  be  sufficient  for  most  typhoon  passages. 

Wind  speed  and  direction  are  measured  by  a  propeller- vane  anemometer  mounted  on  a  IO- 
meter mast  located  far  enough  from  the  test  buildings  to  register  conditions  in  the  undis- 
tuAed  wind  field.    Vhe  anemometer  is  rated  at  100  nv's  and  provides  the  signal  irtdch  trig- 
gers the  recording  system.    An  airibient  pressure  probe  is  also  mounted  on  the  mast  just  below 
the  enemaneter  and  provides  the  differential  pressure  transducer  with  a  standard  reference 
pressure.    The  pressure  transducers  are  mounted  in  low-profile  housings  which  are  designed 
to  create  a  pressure  intwosity  at  their  center  equal  to  the  pressure  that  would  exist  on  the 
surface  of  the  building  witllOUt  the  housings  installed.    This  obviates  the  problems  involved 
with  mounting  the  transducers  flush  with  the  wall  or  roof  surfaces.     t:;g  transducers  are 
fitted  with  a  solenoid  valve  which  is  activated  by  the  logic  system  one  minute  before  the 
generation  of  pressure  records  begins.     This  value  places  the  transducer  in  a  "closed-loop" 
configuration,  thus  allowing  the  subsequent  record  to  be  corrected  for  zero  offset  due  to 
drift  or  load:.ng  of  the  transducer  diaphragm  with  rainwatei . 

The  logic  portion  of  the  data  acquisition  system  normally  (grates  in  an  autoaiatie 
mode*  but  provisions  exist  for  manual  intervention  for  the  purpose  of  calibration  or  peri- 
odic systen  dieckout.    The  logic  section  also  includes  a  time  code  generator  whidi  provides 
both  digital  and  analog  coda  o£  Greenwich  Meridian  Time  (GMT)  in  days,  hours #  minutes  and 
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I  Mconds.    The  tine  code  gwnurator  is  set  by  radio  oountdovm  from  PAGASA  Keadquarters  in 

Quezon  City  and  normally  requires  oorrection  only  two  or  three  times  a  year. 

Analog  signals  from  the  pressure  transducers  are  convei'ted  to  DC  voltages  (demodula- 
tion)  and  filtered  by  the  signal  conditioner  prior  to  recording.     The  signals  are  also 
I  attenuated  to  match  the  range  of  the  tape  recorder,  thus  providing  a  better  signal  to  noise 

'  ratio  than  would  be  po-ssihle  by  straight  recording  of  the  transducer  outputs. 

The  recordings  section  consists  of  a  14-track  analog  tape  unit  with  26.7  cm  reels 
containing  iiOO  metres  ot  tape.     Usual  record  speed  is  4.8  cm/sec.     The  re;;order  is  normally 
in  a  "powered  down"  mode  and  only  operates  on  command  from  the  logic  section.    As  with  the 
logic  a^etiMf  aanual  Intervention  in  permitted  for  caXUurationf  cleaning  and  xwinding  tape. 
Recorded  Bignals  can  be  r^xoduced  in  the  field  to  eheidc  recorder  operation. 

irith  the  exception  of  the  Laoag  City  teat  aite,  (Mieinralal  power  is  used  to  operate  tiie 
data  aequisiticm  ayatens.    Ttie  Laoag  City  site  is  provided  power  by  the  Cluv.    To  ensure 
availability  of  power  under  storm  conditions,  all  three  sites  are  equipped  with  a  backup 
system  of  batteries.    The  batteries  are  oontinuously  tdiaxged  when  external  power  is 
available  and  provide  system  power  (115VAC}  by  means  of  an  inverter.    Hhen  oaansrolal  power 
is  interrupted*  the  batteries  automatically  switch  on  and  pick  up  the  load  to  supply  the 
data  Boqaisition  system  for  approximately  d  hours  of  continuous  operation.    Hie  batteries 
are  recharged  automatically  when  service  is  restored. 

since  typhoon  winds  can  be  expected  to  come  from  any  direction,  it  is  extremely  diffi- 
cult to  deternlne  a  "beKt"  configuration  of  pressure  transducers.     Becaijse  roof  structures 
are  known  to  be  the  most  susceptible  to  wind  danage,   they  received  the  highest  priority  in 
transducer  allocations.    Extrerr.R  pressures  acting  along  ridge  lines,  eaves  and  roof  corners 
are  of  interest  as  well  as  the  average  uplift  pressures  acting  on  the  overall  roof  areas. 
The  configuration  of  pressure  transducers  is  arranged  difterentiy  on  each  test  building, 
thus  providing  the  ability  to  measure  a  greater  range  of  wind  loadings .    In  all  of  the  test 
buildings f  transducers  were  installed  inside  the  building  to  measure  internal  pressures 
mtiicdi  signifioantly  Influence  tiie  net  roof  uplift  loada.    An  advantage  of  the  test  equip- 
wmnt  used  in  this  study  is  that  the  pressure  traneduoer  positions  can  be  easily  changed 
after  a  storm  to  study  wind  pressure  distributions  on  other  parts  of  tho  test  houses #  there- 
by mihancing  the  value  of  the  data  and  reducing  the  amount  of  redundant  information. 

wind  Tunnel  Test  Bguipment.    Teat  equipment  being  used  in  the  wind  tunnel  can  be  divided 
into  three  categories i  (1)  pressure  transdooarsr  (2)  wind  speed  measuring  equipment,  and 
(3)  signal  conditioning  and  analysis  equipment.    The  pressure  transducers  are  quite  similar 
to  those  being  used  in  the  full-scale  tests  except  for  the  cylindrical  transducer  housings. 
Normally,  four  transducers  are  installed  in  the  building  model  although  six  units  are 
available. 

Wind  siiecda  are  measured  by  pitot  tubes  wlion  meai^  values  aits  required.     For  measuro- 
ment  of  wind  speed  fluctuations,  hot-wire  anemometers  are  used.    The  anemometers  have  an 
extremely  high  frequency  response  and  are  well  suited  to  making  measurement  over  the 
frequency  range  of  interest  (0  to  500  Hs) .    TWO  anemometer  systems  are  used,  permitting 
siaultansotts  iMasureiiients  at  two  points  in  the  tunnel  for  the  detezainatlon  of  integral 
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scalm  (slM  of  wind  gusts)  •   Vhs  sscond  system  also  provides  backup  if  a  cooponent  should 
fail. 

Wind  Tunnel  Hodaling 

ihe  wind  tunnel  facility  at  the  ttational  ^rdrauUc  Research  Center  (mnc) ,  nniwersity 
of  the  Philippines,  is  being  used  to  carry  out  a  aeriee  of  testa  on  nodele  of  the  full-scale 
test  buildings.    The  cross  section  of  this  tunnel  is  1.22  netree  square  and  3.70  netrea 
long  and  produces  a  wind  speed  of  approximately  30  metres  per  second.    These  model  tests 
have  aided  in  the  interpretation  of  full-scale  atudies  and  have  allowed  design  pressure 
coefficients  to  be  determined  in  a  systenatic  manner. 

While  it  is  not  possible  to  exactly  model  atmcspheric  boundary  layers  in  conventional 
wind  tunnels,  am  acceptable  degree  of  similitude  is  achieved  by  proper  use  of  surface 
roughness  elements  and  vortex  generators.     This  modeling  technique  used  in  the  NHRC  tunnel 
was  used  in  previous  wind  tunnel  modfel  studies  and  was  perfected  for  this  applicaition  in  a 
slightly  larger  but  quite  similar  vxnd  tunnel  at  the  Colorado  State  University  (CSU) . 
Tapered  spires  are  placed  at  the  entrance  to  the  test  section  to  produce  a  sheared  flow  of 
arbitrary  turbulence  intensity.    The  spires  are  followed  by  several  rows  of  roughness  ele- 
Bsnts  located  on  the  floor  of  the  wind  tunnel.    The  roughness  elamants  generate  a  tuxbulmt 
boundary  layer  whicli  extends  to  almost  tbe  full  height  of  the  tunnel  at  tlie  downstream  end 
of  the  test  section,   two  cosbinations  of  spires  and  surface  roughness  elonents  were  devel* 
oped  which  produce  turbulent  boundary  layers  typical  of  smooth  and  moderately  rough  terraiup 
respeotively.    The  model  scale  being  used  in  these  st«idiss  is  It 80.    ideally*  this  scale 
should  be  dictatad  by  tha  intagral  scala  of  tha  turbulence «  the  effective  surfaoa  rou^mess 
height  and  the  length  associated  with  the  peak  of  the  tuxbulent  energy  spectrum,  test 
results  obtained  in  the  CSV  studiM  suggest  a  scale  ratio  of  from  1:100  to  1:200.  ilOwevwr# 
the  physical  siee  of  the  model  precludes  installation  of  pressure  transducers  at  these 
small  scales.    Thus  a  compromise  of  1:80  was  used.    Preliminary  test  results  and  results 
obtained  in  other  wind  tunnel  model  investigations  suggest  that  scale  matching  is  of  secon- 
dary importance  ocoipared  to  intensity  of  turbulence  and  shape  of  tha  spectral  density 
function . 

Approximately  10  model  configurations  wRrs  inveatigated  with  roof  slopes  ranging  from 
0"  to  30'  and  eaves  overhangs  ranging  from  0  to  1.5  meters  (full-scale).     IVo  classes  of 
surface  roughness  were  used  in  these  studies.    Several  low-rise  building  types  were  analyzed 
(houses f  school  buildings} . 

In  addition  to  the  wind  tunnel  modeling  as  described  above  *  the  MBS  developed,  speci' 
fied,  obtained  and  transported  various  items  of  test  ecpiipment  for  the  DP  wind  tunnel 
facility.    The  equipsient  was  installed  in  the  wind  tunnel  and  training  sessions  were  eon- 
duted  in  the  operation  of  equipment  and  the  interpretation  of  test  results.   Major  items  of 
eguipment  transferrsd  to  tha  university  of  the  Philippines  include  a  signal  correlator  and 
probability  analyser,  hot-wire  anemometers,  pressure  transducers,  electronic  filtnrs, 
signal  aiiplifiers,  x-y  and  stripdiart  recorders,  voltmetsrs  and  an  oecillosoope.   This  test 
equiprnwAt  is  housed  in  an  air  conditioned  room  built  by  the  xmiversi^.    Oooputer  programs 
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dttvttlppad  at  tha  MBS  for  tha  anltqfaia  of  random  data  tiara  tranafarxad  to  tJP  Ooiqputar  Oeatar. 
In  addition,  an  axtansiva  oollaction  of  doeuiMnts  daallng  with  tha  wind  tunaal  nadaling  of 
buildings  and  othar  anglnaering  atnicttiras  vaa  plaoad  in  tha  OP  Librazy. 
Collection,  Redqction  and  Jtealyaia  of  Field  Data 

All  data  colleoted  at  tha  field  test  sites  are  recorded  on  analog  magnetic  tapes, 
lypically,  these  tapes  contain  one  channel  each  of  wind  speed  and  direction  data,  11  chan- 
nels of  pressure  data  and  one  channel  of  time  code.    Prior  to  the  recording  of  data,  a  tape 
is  assigned  a  site  designation  and  tape  identification  number.    This  information,  along  with 
the  time  code,  uniquely  identifies  the  data. 

The  first  step  in  the  data  reduction  process  is  to  record  certain  key  channels,  such 
as  wind  speed,  wind  direction  and  a  representative  pressure  signal  on  a  paper  stripchart 
and  BVlbjectively  classify  the  records  by  degree  of  stationarity.    Raooxds  which  contain 
redundant  infoxvation  are  ellttinated  at  thia  tine*   Hie  renaining  reaorde  are  than  viawad  on 
an  oacilloaoope  to  determine  the  eppvmcliiate  laaxlwuw  or  ninimni  peak  values  and  to  yritr 
that  the  recordings  have  an  acceptable  signal  to  noise  ratio  and  are  free  of  dieeontinultiea. 
Once  the  records  are  datexnlned  to  be  of  acceptable  qwli^,  Hu/g  are  converted  to  digital 
form  for  analysis* 

JUialog  to  digital  oonvaraion  la  aeooqpliahad  hy  maana  of  a  computar^oontrolled  data 
acquisition  syet«i  whicfc  soana  the  analog  diannels  in  sequence  and  converts  the  voltage 
levels  Into  binary  equivalents.    The  data  diannels  are  multiplexed  at  a  rata  of  20,000 
dhannals  per  seoond  so  that  the  time  rieew  is  negligible  for  the  fraguaney  range  of  interest. 
The  scan  rate  can  be  varied  but  is  typically  12  aeana  per  second.    Each  channel  is  sampled 
12,000  times,  resulting  in  a  record  length  of  1000  seconds  (16  min  -  40  sec).    The  multi- 
plexing stage  is  followijifl  by  n  progrananable  amplifier  which  allows  best  use   of  the  digital 
representation   (eleven  binary  bits  plus  sign) .     The  digital  data  are  entered  on  a  7-track 
magnetic  tape  for  subsequent  analysis  in  the  NBS  Computer  Center.    This  tape  also  contains 
header  information  such  as  site  and  tape  identification,  the  time  of  day  whan  the  original 
data  were  zeoordad,  and  tha  langtli  of  zacord. 

Several  prograna  were  developed  at  the  NBS  for  the  analyals  of  random  data,  these 
Include;  Pxcbebllitgr  Density  Function  <POF)  tAiich  determines  the  peek  values  (either  maxi- 
mum or  minimum)  between  aero  czossings,  calculates  the  mean  and  root  mean  square  values 
and  plots  probability  dietributlon  functional  Correlation  Aaalyela  (COflKBL)  vhleh  oaleu- 
latea  correlation  functi«M  and  apeotral  denai^  estimatesi  and  a  SuDsiation  Program  (SOMF) 
which  calculated  the  area-averaged  surfaoe  preaaurea  and  the  drag  and  uplift  foroea  acting 
on  a  structure. 

Data  obtained  from  the  wind  tunnel  are  processed  "on  line*  and  are  not  recorded  for 
future  reduction  or  analysis.    A  hybrid  computer  allows  the  direct  calculation  of  auto- 

and  cross-correlation  functions  as  well  as  probability  density  and  distribution  functions. 
A  time  domain  analyzer  is  used  to  obtain  direct  measurements  of  mean  and  rms  values.  This 
system  has  the  disadvr.atage  of  manual  calculation  of  pressure  coefficients,  but  this  is 
insignificant  when  compared  with  the  ability  to  quickly  assess  the  test  results  and  alter 
the  model  configuration  without  waiting  for  results  from  a  central  con^puter. 


Pavelopment  of  E)esign  Pressure  Coefficienta 

The  1970  edition  of  the  National  Building  Code  of  Canada  (NBC)  provides  for  risk  of 
occurrence,  terrain  roughness^  height  above  ground  and  building  geometry  in  calculating 
wind  pressures f 

In  this  «q^Muion«  q  is  a  rttfaxenoe  aean  velocity  presaure  for  a  givan  naan  racurranoa 
Intasvalf  C   la  an  a^^oaura  faetor  which  variaa  with  aur£aca  rooghnaaa  and  height  abova 
ground,  c   is  a  gust  effect  factor  to  provide  for  aurfaoe  praaaara  fluotuatlona  eauaad  by 
tuzbnlenoe  and  localised  flow  ptaencnena*  and  C  la  a  oonventlonal  naan  praaaura  ooef f Iclent. 
Ae  proper  values  for      will  be  deternined  froB  axiatlng  data,  fall  acale  wind  data  and 
tbaoratloal  nodala  of  wind  apead  dlatrlbutlona  in  typhoona  and  hurrieanaa.    ilie  ooaffielanta 
and      mat  ba  detemlned  exparlnantally.    Thla  la  the  prlMxy  output  of  the  wind  tumtal 
test  pcodXMii  with  the  f all-aoale  teat  raaalta  aarving  aa  a  control  on  both  the  ooaf  f  ieianta 
and  final  daalgn  eritaria. 

Aaeessment,  Selection  and  Application  of  Climatological  Data 

A  study  of  the  avetilable  Philippine  wind  climate  information  with  a  view  of  assessing 
its  adequacy  from  a  structural  engineering  viewpoint  will  continue  throughout  the  life  of 
the  project.     Records  of  wind  speeds,  of  typhoon  observations  and  damages  due  to  signifi- 
cant typhoons  were  collected  by  NBS  through  the  courtesy  of  the  PAGASA.     Out  of  these  re- 
cords, data  were  selected  which  appear  to  be  suitcible  for  analysis.     These  will  be  used  as 
input  in  computer  programs  available  at  NBS  for  predicting  extreme  winds  corresponding  to 
various  mean  recarrance  intervals.    A  listing  of  the  NBS  programs  was  sent  to  the  PAGASA 
Oonputex  Oentar  for  adoption  by  the  PAGASA  aa  a  calculation  tool.    NBS  will  ^provide 
appropriate  asalatanoa  as  reqnixad. 

A  parallax  study  of  wind  distributions/  inelnding  the  1972  MatloMa  structural  Code 
for  Buildinga  of  tiia  Asaoclatlon  of  Structural  Bnglnaers  of  tha  Pbilippinaa  and  tropical 
qyolona  fraquancy  and  intensity  napar  raveala  tha  area  of  aortham  Loaon,  and  paxhape  parte 
of  Naatam  z«son  (including  Manila)  any  need  to  ba  included  In  a  amra  intanaa  wind  acne 
area.    It  la  daalrabla  that  future  editions  of  tha  building  code  differentiate  between 
aonaa  with  different  eiQoaura  (e.g.  urban  terrain  va.  ooaatal  aitaa) .    Baaulta  from  thia 
task  will  provide  tha  appropriata  Philippine  oode  officials  with  nnoli  needed  infoKnation 
for  incorporation  in  a  new  building  code,    thie  infonnation  will  ssrve  as  an  input  to  the 
f ineil  rqport. 

InfornatioB  Tranafer 

m  addition  to  advisory  coMittaa  aeetinga.  oonfarmeaa  and  wozkahopa  provide  a  nech- 
anian  to  tranafer  information  to  a  luger  body  of  individuals. 

An  International  Workshop  held  in  Manila,  Philippines  on  November  14-17,  1973  addressed 
the  state-of-the-art  in  mitigating  building  damages  from  winds.    The  workshop  was  jointly 
sponsored  by  AID,  the  Philippine  Advisory  Connittee  and  the  U.S.  National  Bureau  o£  StandaalB. 
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Four  VbmM  oovaring  elimitolow  wbA  Mzodynaades*  structural  «igliM«rlng#  soclo-aoon- 
omic  and  ar^teetoral  oonslderatlons*  and  codes  and  standards  wers  discussed. 

The  first  tMO  worksliop  days  were  devoted  largely  to  presentations  of  teclmlcal  papers. 
Puring  the  aftenuxm  of  the  first  day,  a  visit  was  schsduled  to  the  field  test  site  at  the 
tAGKSA  science  Garden  sitor  Qoeson  City. 

Mine  papers  and  five  related  reports  were  presented  during  the  tediaioal  sessions  wi^ 
tiM  reserved  for  discussions.    Ihe  third  day  was  devoted  to  suboonnittee  working  sessions 
where  31  reocanendations  were  developed,    itiay  were  presented  and  discussed  on  the  fooxtti 
day.    Approximately  140  individuals  from  five  countries  (Jamaica,  Bangladesh*  the  United 
Kingdom,  the  Philippines  «md  the  United  States)  attended  the  workshop. 

The  proceedin<7«;  of  the  workshop  was  publisshed  as  an  NBS  Building  Science  Series  56. 
This  publication  includes  14  recommendations   (edited  from  31)   for  in^roved  buildin9  praiC'-' 
tices,  tlio  opening  cGrcinonies,  and  the  technical  papers  and  reports. 

On  May  lG-17,  1975  a  regional  conference  was  conducted  in  Manila,  Philippines  to 
discuss  tlie  draft  project  results  to  date.    This  meeting  afforded  the  opportunity  for  mem- 
bers froai  wlnd-pxone  countries  to  further  establish  a  dialogue  for  suggesting  aethods  to 
batter  present  the  final  results.    A  siadJiax  regional  oonferenea  will  be  conducted  in 
Kingston*  Jamaica  on  Woveober  6*7*  1975.   The  final  report  is  oxpected  to  be  publisihed  by 
the  end  of  June  1976. 

conclusion 

This  paper  descirbes  the  activities  associated  with  developing  inproved  design  criteria 
for  low-rise  building  to  better  resist  the  effects  of  amtreae  winds.    It  also  diaetttSM  a 
very  important  eleaient  associated  with  developing  teehnology<-its  transfer  to  the  ultinate 
user.    A£«ac  eeople^ing  the  xeaearOh  a  Gomtintting  effort  by  the  Philippine  advleoxy 
Goaeiittee  will  be  required  to  further  the  developMnt  of  technology.    This  projsot  is  only 
one  at&p  in  the  process  of  iaproveaient  that  will  continue. 
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SURVEY  ON  SEISMOLOGY  AND  EARTHQUAKE 
BMGXNEBRING  IN  INDIA,  IRMi  AND  TUKXEV 
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ABSIfttCT 

A  sariea  of  earthquake  engineering  oouraee  have  been  held  in  Japan  In  ooqperatlon  with 
Iran*  9idla  and  Turkey.    This  paper  preaenta  the  details  of  these  courses  and  the  aid  sueb 
oourses  have  provided  to  the  supporting  conntriea. 


Key  Words;     Barthquaka  engineeringr  fiarthquakeei  Bduaationi  Indiat  Irani  Vrainingi  Xurk^. 
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Su—My 

1}  h  training  eonrM  was  eonductad  at  tha  International  Barthqiaaka  Bngineering  Dapart- 
Mnt  of  Building  Haaaandi  inatitataf  Ministry  of  Constmetion^  \M.dh  is  greatly  appvaclatad. 

2)  It  is  mquirad  to  astabliidi  an  advaacsd  course  for  these  ex^partiolpants  in  order 
to  provide  an  t^to-date  knowledge  and  technique  on  earthquake  engineering.  Zn  this  con- 
nection, a  3  to  6  months'  training  course,  is  being  organized. 

3)  Recrutiment  procedures  for  the  training  course  should  be  made  prooptly  (4  to  6 
months  prior  to  the  cotrnnencement  of  the  training  course) . 

4)  In  regard  to  the  follow-up  of  the  ex-participants,   it  is  necessary  for  a  staff 
from  either  the  Japanese  Embassy  or  the  JiCA  overseas  otfict:    to  keep  close  contact  with 
their  representatives.    Such  a  successful  case  concerning  this  plan   has  been  Turkey. 

5)  In  addition  to  inviting  a  tedinieal  trainee*  it  is  iiqportant  to  proaote  a  visit 
froMi  Japanese  eiqpert  to  tiie  traineda  country. 

6)  It  is  ttut  Intention  of  this  pcogran  to  strengthen  our  qrsteai  so  as  to  CQpe  with 
the  reqoeat  frosi  ex-participants  *  and  to  readily  supply  teehnieal  infOniation  and 
measuring  Instrunents.    PurtherBorSf  an  invitation  of  high  ranking  officials  should  be  eon* 
sidered  at  tiie  earliest  date*  in  order  to  pronote  fur^er  technical  cooperation  in  this 
field. 

7)  A  foUowuP  tean  %fas  well  received  in  every  country.    It  is  required  to  accelerate 
this  kind  of  service  more  positively,  but  more  carefully  in  the  future.    If  tiiis  follow  vqp 
team  is  dispatched  every  three  years  and  the  selection  of  the  participants  for  the  advanced 
course  is  made  at  that  timer  the  intensive  training  in  Jspan  will  be  more  beneficial. 

iUialysis  of  Qoaationnaire 

1}  Bx-participants*  position  in  their  countries  are  as  follows;  86%  of  the  ex-partici- 
pants  belong  to  the  public  or  educational  institution «  and  two  thirds  of  them  hold  an 
important  post.    From  this  trend*  it  can  be  easily  understood  that  their  training  in  Japan 
was  highly  regarded  omd  they  were  promising  and  selected  researchsrs. 

2)  Evaluation  of  training 

60%  of  the  ex-participants  or  their  senior  officials  highly  praised  their  training 
in  Japan. 

3)  Composition  of  the  personnel  at  X.I.S.E.E.  (International  Institute  of  Seismology 
ana  Earthquake  Engineering) : 

71%  of  the  ex-participants  are  in  favor  of  the  present  ccovosition  of  our  Insititute* 
while  15%  of  than  ei^ect  an  increase  in  the  number  of  staff ,  and  4%  hops  that  it  will  be 
enlarged.    ig%  of  the  ex-participants  strongly  wish  to  introduce  lecturers  from  abroad*  and 
57%  agree)  while  24%  think  it  necessary,  or  a  natter  of  no  ocnsequenee.    As  a  conclusion* 
it  can  be  inte^reted  t3iat  many  of  the  ex-participants  ejQiect  to  have  foreign  lecturers 
added  to  the  staff  of  tiie  Institute. 

4)  Training  Systemt 

Each  ex-participant  enthusiastically  hoped  to  be  re-trained  in  a  short  period  during 
tiie  training  courss.    m  cconection  with  the  duration  of  training,  62%  of  the  ex-partid- 
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pants  hoped  It^  vould  be  less  than  6  nonths,  while*  14%  of  then  wanted  a  longer  period. 
During  this  training.  It  is  requested  that  more  attention  to  the  sslsction  of  applioonts 
be  paid*  in  order  to  allocate  more  tine  for  qiecial  self^stud^,  laboratory  practics  and 
an  exchange  of  views  on  aeisMology  and  earthquake  engineering. 
5)  Future  follow^uip  service; 

We  have  encountered  numerous  inquiries  for  catalogues  of  Japan-made  measuring  instru^ 

merits  and  information  on  how  to  purchase  these  and  if  there  is  a  sales  agent  in  their 
country.     Many  of  these  engineers  wanted  a  continuous  supply  of  the  research  reports  and  the 
"Year  Book"  reqularly  published  by  the  Institute,  or  the  periodical  "Technocrat".  Further- 
more, as  tAic:  best  means  of  follow-up»  sone  engineers  eagerly  requested  that  Japemese  ex- 
perts be  sent  to  their  country. 

Situation  of  Seisnology  and  Earthquake  Engineering  in  India,  Iran  and  Turfcey 

1)  India 

The  Jsipanese  MriMissador  has  asked  whether  there  are  earthquakes  or  not  in  India. 
Kb  autih  an  event  seldom  occurs,  people  are  quite  Indifferent  to  earthquakes.    For  that 

reason,  it  seems  that  the  officials  in  charge  of  the  technical  cooperation  at  the  Ministry 
of  Finance  in  India  will  taOce  a  negative  attitude  toward  allocating  scholarships  offered 
from  Japan  to  tyiis  training  course,  although  it  is  recognized  that  in  the  Meteorological 
Department  of  Roork.ee  University  where  there  are  many  young  researchers  eager  to  study  in 
England,  United  states,  or  Japan.     Although  the  directors  at  the  Meteorological  Department 
have  intended  to  send  at  least  cjhr  researcher  to  our  Institute  every  year,  only  one  has  come 
in  the  pasc  2  or  3  years  to  study  in  Japan.     Due  to  the  influence  of  England,  seismology  in 
India  has  advanced  considerably  as  has  earthqxuilce  engineering,    in  Roorkee  University, 
located  in  about  200kn  north  of  Hew  Delhi,  Dr.  J.  ICrishna  and  his  sxcellent  staff  have 
established  the  Earthquake  Engineering  CMtter,  and  haro  Invited  young  researchers  from 
neighboring  countries  to  studty.   Bowever,  Japan's  follow      service  has  bsafi  badly  evalu- 
ated in  this  country.    For  exaaple,  in  regard  to  Japanese  made  measuring  instruments,  due 
to  imperfection  in  the  catalogue  and  spsoif icatimis  it  is  difficult  to  r^air  these  instru- 
nsnts  when  they  are  out  of  order.    Accordingly,  the  donation  of  experimental  instrumsnts 
should  be  made  providing  &  service  mgineer  be  made  available.    On  the  other  hand,  the  United 
states,  because  of  the  demand  made  when  the  instnanents  are  out  of  order,  replaced  in  a 
week  through  the  diplomatic  channels.    Also  relative  to  follow  up  service,  Ji^an  is  far 
behind  the  United  States. 

2)  Iran 

It  seems  that  Iran,   favored  with  abundant  oil,  is  seeking  a  well-balanced  diplomatic 
policy  toward  the  big  powers  and  in  part  in  tlie  technical  cooperation.     Iranian  people  are 
in  fear  of        earthquakes  and  thus  the  Government  of  Iran  has  given  a  considerable  thought 
to  this  matter,    xn  spite  of  active  influence  by  the' Ministry  of  Bousing  Developoent,  a 
very  limited  nundser  of  participants  have  been  conveyed  to  the  Japanese  Bibassy,  due  to  a 
difference  in  views  with  other  organisations  eoneemsd  with  technical  cooperation. 
Seeantly,  a  Building  Baseareh  Center  has  been  established  by  a  joint  project  with  PNB50Q, 
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in  Iran.     Mr.  Javdan,  one  of  the  ex-participants,  has  been  engaged  as  director  of  this 
research  work.     His  contribution  toward  the  ostablishmont  of  this  organization  is  to  be 
highly  praised.     This  institution  was  formed  for  the  purpose  of  providing  leadership  in  the 
field  of  the  earthquake  engineering  in  the  Middle  and  Near  East.    They  disclosed  a  desire 
to  purchase  research  equipment  from  Japan,  nevertheless  Mr.  Pakdeunan,  Vice-Minlster  of 


the  Housing  Development  expressed  his  regret  to  Japan  because  it  took  a  long  tine  and  re« 
quired  sophistlceted  fozinalltiee  in  oarder  to  purchase  >uoh  itens.    However,  a  feeling  of 
satiefaetion  waa  obtained  to  see  a  dona-shaped  houslDig  conpleK  with  aseisnatic  strttctnref 
designed  by  the  ax^^partieipants  whlcb  was  constmeted  in  the  svburb  of  Oasvin  oLtf  edMut 
ISOkn  west  of  I^diran. 


It  seems  that  an  ideal  type  of  technical  oooperetion  between  Japan  and  Turkey  can  be 
obtained,    fit-participants  who  studied  in  Japan  are  now  taking  initiative  in  this  field 
and  in  particular  research  work  relative  to  eartiigiiiake  engineering.    In  addition r  a  close 
liaison  anong  the  ex-participcuits,  both  in  the  Earthquake  Engineering  and  in  Seianologyr 
hoe  been  unserved  at  the  same  time*  and  there  is  const2mt  contact  with  the  Japanese  Ba- 
bassy.     Success  in  this  technical  cooperation  greatly  owed  to  the  prominent  Japanese  experts 
who  made  solf-sacrif icing  efforts  when  in  Turkey.     It  is  assured  that  Japanese  technology 
in  the  area  of  earthquake  engineering  and  seismology    will  further  help  advance  Turkey's 
technology . 

Special  Lecture 

A  follow  up  team  made  an  attempt  to  present  a  special  lecture  on  "Evaluation  of 
Seismic  Input  Force"  through  a  ]6itim    film  of  the  earthquake  engineering.    To  facilitate 
the  understanding  of  thf  lecture,  a  series  of  color  slides,  and  pT«oreover  a  lecture  notes 
were  distributed  to  attendents.     After  45  minutes  of  lecture,  a  short  notion  picture 
entitled  "vibration"  was  then  shown,  and  a  special  lecture  was  then  concluded  with  a  ques- 
tion period.    Because  the  actual  lecture  hall  was  not  properly  selected,  some  difficulty 
aroae  with  respect  to  presentation  of  slides,   flowsver,  the  lectures  were  a  auocess  due  to 
the  kindness  of  tiie  Japanese  Bsbassy  and  the  JICA  overseas  office.    The  special  lecture 
was  %fell  received  by  attendants,    ihe  nuefcer  of  attendance  in  the  respective  countries 
were  as  follows; 


3)  Turk^ 


India 


160 


Iran 


70 


Turkey 


70 


Total 


300 


Contents  of  the  lecture 


i) 


Stochastics  on  the  history  of  earthquakes 


ii) 


Magnitude  rind  intensity  and  the  naximon-.  acceleration 


iii) 
iv) 


Evaluation  of  the  intensity  level  of  the  earthquake  in  terms  of  return  period 
The  earthquake  damage  and  subsoil  condition 
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▼)  ABsiflBle  regulations  and  response  spectrua 

vl)  int«v»««ioBai  weisnlo  cegnlstlans 
M  foK  novle  film 

i)  Ship  «nA  wave 

ii)  Bsrlftqiiake  and  structure 
ill)  Hind  and  suspension  bridge 

iv)  Air  turbulance  and  air  plane 

v)  Hoad  and  automobile 

vi)  Derailing  and  vibration  of  the  train 

vii)  Utilization  of  vibration 


ooraMonifr  narmo  omcs:  ttir  o-nt-an 


X-16 


s  HFPT  OF  roMM              PUBLICATION  OR  REPORTNO.        2.  Go»'i  Aeccscion 
BiBLIO&RAPHIC  DATA                  C1Ml70  No. 
INiRT 

9.  Roeipioat**  Aeceo«i«n  No. 

4.  TITLE  AND  SUBTITLE     u-ruj.         i,,.. ,, 

WIND  AMD  SEISnC  BFRBCTS 
U,S*-OAPAN  COCCEEAXIVE  fRCXSAM  IN  lOOURAL  BESaJROSS  ) 

Sa  Fbblicacion  Dace 

April  1977 

6.  Performing  Organization  Code 

7.  AUTHOR(S) 

H.  S.  Lew,  Bditoc 

8.  Performing  Oigan.  Kcport  No. 

f.  PERFUMING  ORGANIZATION  NAME  AND  ADIHIESS 

NATKNIAL  MIRBAU  OP  STANDARDS 
DIMRTMINT  W  COMIUnce 
VASHMCTON,  D.C.  102S4 

IS.  Prajcct/TMk/Votk  Uait  No. 
11.  CoMfMt/GrMu  No. 

111  S^Mring  OrgMisatioii  N*aw  mi  ConpltM  AadwM  (SIrmI,  City,  Stat;  ggP) 

Sane  as  item  #  9. 

1 3.  Type  of  Report  ft  Pteioil 
Covered 

14.  Sponsoring  Agency  Code 

tS.  SUPPLEMENTARY  NOTES 

Idbrazy  of  G^mdd  CatRlog  Cnd  Mufbert  77-60d015 

IS.  ABSTRACT  f/i  tOO-wotd  ot  IM*  /M«Mf  wwnij  at  mo9t  •l^lfcMrt  tefenwMan.  »  dacummt  inetuOtm  m  mmtacmt 

The  Seventh  Joint  Meeting  of  the  U.S.^apett  Panel  on  Wind  and  Seiandc  Effects  %as 
held  in  Tckyo,  Japan  en  Ifay  20-23,  1975.    il^ie  prooeedinas  of  the  Joint  Moefina  -infiiirio 
the  program,  the  farmed  resolutions,  and  the  technical  papers.    Bie  subject  matter 
oovexed  in  the  papers  includes  characteristics  of  strong  windl;  response  o£  fiill-soale 
structures  to  wind  action;  geological  distribution  of  seismic  activity;  maintenance 
of  strong  notion  acoelerographs  and  data  processing;  strong  earthquake  notions  and 
ground  ftllucssy  reqnise  of  hydraulix;  and  boilding  structures  to  seiatdc  forces; 
aseisniic  considerations  for  vessels;  recent  revisions  of  design  standards  on  wind 
and  seianic  effects;  joint  research  program  utilizing  large  scale  tf»*Fl'lnj  facilities; 
and  tebtlDloglcal  aSBistance  to  developing  cx>untries. 

17.  KEY  VORDS  (»tX  to  fW*/V«  tntrier:  n!phvhr-fi.-»l  orrirr:  -npifnUzc  on!v      r         1  !''tier  of  Olp  first  key  u    rf  rj;7/e««  •  pOQfWr 

nwiw  ««pm«i*tf  If  MBico/on«;  AooeLerograf^;  bridges;  buildings;  codes;  disaster; 
dynamic  snalysisi  seTthiwikesy  ground  feUuces;  hydcanlic  structueesi  seianicil^; 
soilsi  standardsi  stEUctocal  zsqpanse;  vessels  and  iiiaa. 

18.  AVAILABILITY                  (XT  Unltoiite*! 

C2       OfficiAl  Duttibuioii.  Do  Not  RoIomo  to  NTIS 

[  X'  Order  From  Sup.  of  DoC.,  U.S.  GoTcrnment  PtiniiDcOff icO 
Washington.  D.C.  20402.  SD  Cat.  No.  CI  3  •lOfL.VO 

1    1  Order  From  Notioaal  Technical  Information  Service  (NTIS) 
Svriagfield,  Virgiai*  22191 

19.  SECURITY  CLASS 
(THIS  REPORT) 

UNCLASSIFIED 

21.  NOk  OP  PAGES 

513 

20.  SECURITY  CLASS 
(THIS  PAGE) 

UNCLASSIFIED 

22.  Piice 

$5.60 

USCOMM.DC  2M4a.»74 


^  kj  i.uo  uy  Google 


There's 
anew 

look 


/  J   ^  -j^^     1    /  ...  the  monthly 

/  '  /       magazine  of  the  Nation- 

^ /  Bureau  of  Standards. 

^^^^    y       Still  featured  are  special  ar- 
^^^^^^Y^ /  tides  of  gpneral  interest  on 

^^^^^^^^  y/  current  topics  such  as  consum- 
_y\s^-y  /  er  product  safety  and  building 

^l^tm^r  /  technology.  In  addition,  new  sec- 

tions are  designed  to  .  .  .  PROVIDE 
SCIENTISTS  with  illustrated  discussions 
of  recent  technical  developments  and 
work  in  progress  .  .  .  INFORM  INDUSTRIAL 
MANAGERS  of  technology  transfer  activities  in 
Federal  and  private  labs.  .  .  DESCRIBE  TO  MAN- 
UFACTURERS advances  in  the  field  of  voluntary  and 
mandatory  standards.  The  new  DIMENSIONS/NBS  also 
carries  complete  listings  of  upcoming  conferences  to  be 
held  at  NBS  and  reports  on  all  the  latest  NBS  publications, 
with  information  on  how  to  order.  Finally,  each  issue  carries 
a  page  of  News  Briefs,  aimed  at  keeping  scientist  and  consum- 
alike  up  to  date  on  major  developments  at  the  Nation's  physi- 
cal sciences  and  measurement  laboratory. 

(ptcaw  dHarh  here) 


SUBSCRIPTION  ORDER  FORM 


Enter  my  Subscription  To  DIMENSIONS/NBS  at  $12.50.  Add  $3.15  for  foreign  mailing.  No  additional 
postage  is  required  for  mailing  within  the  United  States  or  its  possessions.  Domestic  remittances 
should  be  made  either  by  postal  money  order,  express  money  order,  or  check.  Foreign  remittances 
should  be  made  either  by  international  money  order,  draft  on  an  American  bank,  or  by  UNESCO 
coupons. 

Send  Subscription  to: 


Q  Remittance  Enclosed 
(Make  checlcs  payable 
to  Superintendent  of 
Documents) 

D  Charge  to  my  Deposit 
Account  No. 


SAME-flRST,  LAST 


I  I  1  I  I  I  M  I  i  I  I  I  i  I  I  I  I  I  i  I  i  I  I  I  1  I  I  I 


COVIPANV  NAME  OR  ADDITIONAL  ADDRESS  LINE 


Mil  I  II  I  I  I  I  I  I  II  II  I  I  


STREET  ADDRESS 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  M  I  I 


CITY 


i      I      I     i      I      I      I      I      I      I      I      I      I      I      I  I 


STATE 


1 


ZIP  CODE 

LJ_L 


MAIL  ORDER  FORM  TO: 
Superintendent  of  Documents 
Government  Printing  Office 
Washington,  D.C.  20402 


PLEASE  PRINT 


NBS  TECHNICAL  PUBLICATIONS 


PERIODICALS 

JOURNAL  OF  RESEARCH  reports  Nationnl  Bureau 
i/f  Standards  research  and  development  in  physics, 
mathematics,  and  chemistry.  It  is  published  in  two 
sections,  available  separately: 

•  PhysicH  and  ChvmiHiry  (Section  A) 

Papers  of  interest  primarily  to  scientists  working  in 
these  fields.  This  section  covers  a  broad  ri.ngo  of  physi- 
cal and  chemical  research,  with  major  emphasis  on 
standards  of  physical  measurement,  fundamental  con- 
stants, and  properties  of  matter.  Issued  six  times  a  year. 
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•  Mathematical  ScienceH  (Section  B) 

Studies  and  compilations  designed  mainly  for  the  math- 
ematician and  theoretical  physicist.  Topics  in  mathemat- 
I  ical  statistics,  theory  of  experiment  design,  numerical 
I  analysis,  theoretical  physics  and  chemistry,  logical  de- 
)  sign  and  programming  of  computers  and  computer  .sys- 
I  tems.  Short  numerical  tables.  Issued  quarterly.  Annual 
subscription:  Domestic,  $9.00;  Foreign,  $11.25. 

DlME.\SIONS/NBS  (formerly  Technical  News  Bulle- 
tin)— This  monthly  magazine  is  published  to  inform 
scientists,  engineers,  businessmen,  industry,  teachers, 
students,  and  consumers  of  the  latest  advances  in 
science  and  technology,  with  primary  emphasis  on  the 
work  at  NBS.  The  magazine  highlights  and  reviews 
such  issues  as  energy  research,  f^re  protection,  building 
technology,  metric  conversion,  pollution  abatement, 
health  and  safety,  and  consumer  product  performance. 
In  addition,  it  reports  the  results  of  Bureau  programs 
in  measurement  standards  and  techniques,  properties  of 
matter  and  materials,  engineering  standards  and  serv- 
ices, instrumentation,  and  automatic  data  processing. 
Annual  subscription:  Domestic,  .$12.50;  Foreign, Slo.65. 

NONPERIODICALS 

I  Monographs — Major  contributions  to  the  technical  liter- 
;  ature  on  various  subjects  related  to  the  Bureau's  scien- 
'   tific  and  technical  activities. 

Handbooks — Recommended  codes  of  engineering  and 
industrial  practice  (including  safety  codes)  developed 
in  cooperation  with  interested  industries,  professional 
organizations,  and  regulatory  bodies. 

Special  Publications — Include  proceedings  of  conferences 
sponsored  by  NBS,  NBS  annual  reports,  and  other 
special  publications  appropriate  to  this  grouping  such 
as  wall  charts,  pocket  cards,  and  bibliographies. 

Applied  Mathematics  Series — Mathematical  tables,  man- 
uals, and  studies  of  special  interest  to  physicists,  engi- 
neers, chemists,  biologists,  mathematicians,  com- 
puter programmers,  and  others  engaged  in  scientific 
and  technical  work. 

National  Standard  Reference  Data  Series — Provides 
(juantitative  data  on  the  physical  and  chemical  proper- 
ties of  materials,  compiled  from  the  world's  literature 
and  critically  evaluated.  Developed  under  a  world-wide 
program  coordinated  by  NBS.  Program  under  authority 
of  National  Standard  Data  Act  (Public  Law  90-396). 


NOTE:  At  present  the  principal  publication  outlet  for 
these  data  is  the  Journal  of  Physical  and  Chemical 
Reference  Data  (JPCRD)  published  quarterly  for  NBS 
by  the  Anierican  Chemical  Society  (ACS)  and  the  Amer- 
ican Institute  of  I'hysics  ( AIP).  Subscriptions,  reprints, 
and  supplements  available  from  ACS,  1155  Sixteenth 
St.  N.W.,  Wash.  D.  C.  20056. 

Building  Science  Series — Disseminates  technical  infor- 
mation developed  at  the  Bureau  on  building  materials, 
components,  systems,  and  whole  structures.  The  series 
presents  research  results,  test  methods,  and  perform- 
ance criteria  related  to  the  structural  and  environmental 
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of  building  elements  and  systems. 
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10,  Title  15.  of  the  Code  of  Federal  Regulations.  The 
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concerned  interests  with  a  basis  for  common  under- 
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administers  this  program  as  a  supplement  to  the  activi- 
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